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I. INTRODUCTION 
The primary objective of fertilizer research is more ac­
curate prediction of yield responses to fertilizer for various 
soil and management conditions. An important part of this 
process is the determination of yield response equations so 
that economic analyses can be applied to the agronomic data. 
From these analyses, profitable ratios and rates of fertilizer 
may be determined for given nutrient/nutrient and fertilizer/ 
crop price ratios. Response equations or functions can be 
determined on only a sample of the fields in the state; pre­
dictions for all soils then must be based on the relationship 
between yield responses to fertilizer and soil tests on the 
relatively few fertilizer experiments. Therefore, much of the 
effort in the past towards improving these predictions has 
been directed towards getting more information about response 
equations, improving soil test procedures and calibrating soil 
tests with yield responses to fertilizer. 
Another method which has been proposed to test the avail­
ability of the nutrients in the soil for prediction of yield 
responses to fertilizer is that of chemical analysis of the 
crop. This method involves analyzing either the whole plant 
or a part of the plant to determine its chemical composition. 
From fertilizer experiments, the influence of fertilizer 
treatments on the chemical composition and the relationship 
between responses and initial nutrient levels in the plants 
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may be determined. Plant composition has been used widely to 
determine the availability of nutrients in the soil in nutri­
ent uptake studies, to interpret the results of greenhouse and 
field experiments and to determine "critical" nutrient levels 
which are the nutrient percentages in the plant above which 
little or no yield response occurs from further increase in 
composition. However, little has been done in correlating 
yield responses to fertilizer with the nutrient levels below 
the "critical" levels in the plant and using plant composition 
directly as a basis to predict these responses. 
Using plant analysis to predict yield responses requires 
a knowledge of the interrelationships among soil fertility, 
fertilizer rates, chemical composition of the plants and yields 
or yield responses. To study these relationships in corn, the 
nitrogen, phosphorus and potassium percentages were determined 
in corn leaves from a large number of fertilizer experiments. 
All of the experiments had a phosphorus fertilizer variable, 
most had a nitrogen variable and many also had a potassium 
variable. Only the nitrogen and phosphorus fertilizer effects 
and nitrogen and phosphorus leaf analyses are being used in 
the main part of this study. Although phosphorus relation­
ships are of most interest, previous research shows clearly 
that yield responses to phosphorus and phosphorus concentra­
tions in corn plants are highly correlated with associated 
nitrogen levels. Therefore, the effects of both nutrients on 
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yield responses and leaf composition will have to he studied 
simultaneously• 
From the effects of nitrogen and phosphorus fertilizers 
on yield responses and on the nitrogen and phosphorus composi­
tion of corn leaves from the same experiments, it is possible 
to determine the relationship between the responses and leaf 
composition. The purposes of this study are: (1) to determine 
the relationships of nitrogen and phosphorus fertilizers and 
other factors to the phosphorus percentage in corn leaves and 
(2) to determine the relationships of nitrogen and phosphorus 
fertilizers, nitrogen and phosphorus composition of corn 
leaves and other factors to both the yield responses to fer­
tilizer and total yields. Multiple curvilinear regression 
techniques are used to characterize these relationships quan­
titatively. 
From the relationships derived, leaf analysis and soil 
tests can be compared to determine which method gives the bet­
ter prediction of yield responses to fertilizer under Iowa 
conditions. If leaf analysis gives more information than soil 
tests, economic analysis of the response equations then can 
be used to determine most profitable fertilizer rates for any 
level of nitrogen and phosphorus in corn leaves. 
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II. REVIEW OF LITERATURE 
A. Early History of Plant Analysis 
In an excellent review of the literature on plant anal­
ysis, Goodall and Gregory (32) report that plant analysis was 
first proposed by von Liebig in 1840 in his "Law of Restitu­
tion" . This "Law" required that nutrients should be returned 
to the soil in amounts equal to those removed by crops. Using 
plant analysis as an index of available nutrients wa- ap­
parently first proposed by Weinhold in 1862. Although Wein-
hold failed to prove his hypothesis of a relationship between 
plant growth and composition, they report that Hellriegel in 
1867 observed that the content of barley grain and straw 
increased as K fertilizer was added to a sand, culture. He 
suggested that plant analysis might provide a better index of 
available nutrients in the soil than soil analysis. 
Goodall and Gregory (32) report that much research on 
plant analysis was done in Europe prior to 1920. Some of the 
most important was done by Atterberg, Remy and Pfeiffer. 
These reviewers pointed out that much of the early work has 
been almost forgotten probably because most of it was done in 
T^hroughout the rest of the discussion, N, P and K will 
be used vo designate nitrogen, phosphorus and potassium, re­
spectively. Other chemical elements also will be designated 
by their chemical symbols. 
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German-speaking countries. Although this earlier work rested 
upon inadequate experimental foundation and lacked modern 
statistical techniques, some experiments will compare well 
with recent work. 
B. Application of Plant Analysis for Diagnostic Purposes 
Most of the research on plant analysis since 1920 has 
been done in English-speaking countries according to Goodall 
and Gregory (32). The expansion was due to increased recogni­
tion of trace mineral deficiencies, more attention to horti­
cultural crops whose deficiencies can be recognized and more 
easily remedied, improvements in analytical techniques and 
abandonment of plant analysis as a biological method of soil 
analysis and consideration of it as a means of studying the 
nutritional condition of the plant itself. 
Most of the developments in plant analysis in the past 
25 to 35 years have been in diagnostic use. Goodall and 
Gregory (32) grouped these developments as follows : (1) in­
vestigation of nutritional disorders shown by symptoms, (2) 
interpretation of the results of field trials, (3) development 
of rapid testing methods for advisory work and (4) use in 
nutritional surveys. 
Plant analysis hps helped to identify and classify many 
deficiency symptoms of various plants. 
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Plant analysis has been used widely in the interpretation 
of results of fertilizer experiments (excluding determinations 
of nutrient uptake for calculating the proportion of added 
fertilizer absorbed by plants since these experiments deviated 
from the practice of using the concentration of the nutrients 
in plant material as an index). First among these investiga­
tors were those of the "foliar diagnosis" school, Lagatu and 
Maume in. France and later Thomas and Mack in Pennsylvania. 
They took samples from a strictly defined morphological posi­
tion and paid more attention to the ratio than to the actual 
percentage of the nutrients. They regarded their method as a 
tool of interpretation and very few examples of their practical 
application in the field were published. 
Thomas and Mack (77) stressed two concepts, that of quan­
tity or intensity of nutrition and that of quality or physi­
ological ratios of the elements. Intensity was the sum of the 
N, PgO^  and KgO percentages. The latter was expressed as an 
NPK unit, a ratio calculated from the fraction of each to the 
total sum after converting percentages to mill!equivalents. 
In the NPK factorial experiment on corn, they felt that the 
highest yielding treatments thus showed the best balance as 
shown on their trilinear coordinates. The NPK unit calculated 
from Tyner's (81) critical levels was far from their "balanced" 
ratios when graphed in their triangle. The quantity and qual­
ity aspects have little value compared to a knowledge of crit­
7 
ical levels. Both values were unduly influenced by luxury 
consumption of K and too little weight was given to 
values whose absolute percentages are much less than those of 
N or K. 
A few other workers adopted the ideas of the "foliar di­
agnosis" school but soon abandoned the system of trilinear co­
ordinates and used actual percentages. 
Many workers have used another diagnostic concept in 
interpreting field experiments. This has involved the deter­
mination of a "critical percentage", defined by Macy (52) to 
be the nutrient percentage in the plant above which little 
additional yield increase occurs from further increase in the 
composition by fertilization. 
Ulrich (84, 86, 87) has established critical levels or 
percentages in various crops such as ladino clover and alfal­
fa. He pointed out that this information might explain fail­
ures to get responses to fertilizer, detect other limiting 
nutrients and determine if rates were sufficient to give maxi­
mum yields. Many others who have determined critical levels 
of one or more nutrients have included Tyner (81), Bennett et 
al. (4) and Viets et al. (91) for corn, Seay et al. (69) and 
Chandler et al. (12) for alfalfa, Lundegârdh (49) for oats and 
small grains, Clements (18, 19) and Borden (7, 8) for sugar 
cane and numerous investigators for horticultural crops. 
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Another group has used rapid chemical analyses, often 
called tissue tests, for diagnostic purposes. These have been 
used in advisory work and in the interpretation of results 
from fertilizer experiments. Plant sap or an extract of fresh 
material mostly from the conducting tissues was used for anal­
ysis. Since the estimated fractions were unassimilated mate­
rials which had recently entered the plant, the theory was 
that their concentration represented the current rate of nu­
trient uptake. 
The tests most widely used were developed at Purdue Uni­
versity by Thornton et al. (78) and used mostly with corn. 
The tests are roughly quantitative and are reported only in 
four or five levels. Earlier workers have used expressed or 
exuded sap to characterize crop nutrition and availability of 
nutrients in the soil but these methods had practical limita­
tions and were little used. Other tests have used plant sap 
on chemically-treated paper with the results determined color-
imetrically. They have been used widely but have been only 
roughly quantitative. 
The last group of investigations had the primary purpose 
of describing soil conditions affecting the plant and not 
directly the nutritional status of the plants analyzed. Sur­
veys have been made for I, Se, Co, and Cu contents of plants, 
primarily for animal nutrition. From fertilizer trials on 
forest trees, Mitchell and Chandler (5*0 were able to develop 
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leaf analysis to survey nutrient status of forest soils, par­
ticularly of nitrogen. Others have used leaf samples from 
fruit trees and other perennial horticultural crops to survey 
the status of the major nutrients and trace minerals. Critical 
nutrient levels were known in some cases but in others they 
could be estimated by correlating nutrient contents with ap­
proximate yields. 
C. Application of Plant Analysis for Prediction 
of Yield Responses to Fertilizer 
Much of the research on plant analysis used for diag­
nostic work has been fragmentary. Although promising initial­
ly, most of it fell far short of reaching the objectives of 
soil fertility research. As Goodall and Gregory (32) pointed 
out, a qualitative diagnosis of nutrient deficiency, a con­
clusion that the crop yield probably will or will not be in­
creased by fertilization, is not adequate in practice. What 
the farmer requires of any method for estimating fertilizer 
requirements is a prediction of the increase in value of the 
crop which may be expected from any one of a large range of 
possible fertilizer treatments. From such predictions, it 
is possible then to compute what treatment at the expected 
fertilizer/crop price ratio will likely give the best return. 
The provision of such predictions, recognizing the uncertain­
ties due to weather etc., is the central purpose of plant 
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composition studies. For practical use, the plant analysis 
technique must not only be able to give such estimates but 
they must be better estimates (i.e., deviate less from ob­
served increases) than those from any other technique for de­
termining fertilizer requirements. 
1. Relation of yield to nutrient supply 
Two major considerations are concerned in the relation 
of yield to nutrient supply: (1) the supply of the nutrient 
from the soil and (2) utilization of nutrient after absorption 
by the roots. In the first are all questions of absorption, 
availability in the soil and effects of acidity, aeration and 
other factors on nutrient uptake. The second deals with all 
the questions of physiology of growth, conditioned by two sets 
of factors: external, such as light, temperature, moisture and 
supply of all nutrients and internal, mainly nutritive and in­
volving enzymes and growth regulators. 
With all external factors except one nutrient maintained 
at optimum levels, the yield as a function of nutrient supply 
usually has followed the law of diminishing returns. Mitscher-
lich's (55) equation described the relationship as an exponen­
tial curve approaching a maximum. Els exact mathematical form 
is of no importance except as a method of interpolation and 
may not fit the data as well as other types of equations. 
Many investigators have expressed mathematically the relation­
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ship between yield or yield response and varying levels of one 
nutrient. 
Little had been done in expressing the yield as a func­
tion of two variables (nutrients) until Heady, Pesek and 
Brown (39) applied the tools of production economics to yield 
response data. They expressed yield as a curvilinear 
function of both nutrients (either quadratic or square root 
functions) plus a linear x linear interaction term. The yield 
equation as a function of two nutrient variables thus could be 
diagrammed geometrically as a surface in three planes. From 
their yield equations as functions of two variables, the most 
profitable fertilizer application can be determined for any 
nutrient/nutrient and any fertilizer/crop price ratio. The 
slope at any point of the surface indicates the marginal prod­
uct of the fertilizer; the most profitable rate of application 
occurs where the slope or marginal product equals the ferti­
lizer/crop price ratio. Along any yield isoquant (points of 
equal yield for varying inputs), the marginal rate of substi­
tution of one nutrient for the other can be calculated and 
equated to the inverse price ratio of the two nutrients. The 
yield isocline connects points of equal marginal rates of 
substitution on the yield isoquants and thus becomes the ex­
pansion line for any fixed nutrient/nutrient price ratio. 
The mathematical model was expanded by Brown et al. (10) to 
include three nutrient variables. This research has been a 
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highly significant advance in the prediction of profitable 
yield responses to fertilizer. 
Many other factors also affect the relationship between 
yield and nutrient supply and may be included as variables 
in the yield response equations. Studies of yield and stand 
levels by Nelson and Dumenil (56), Dumenil (22) and Duncan 
(25) showed a curvilinear relationship between the two which 
may be markedly affected by fertility level. Pesek^ " found 
that the yield functions involving stand and N levels could be 
expressed satisfactorily by quadratic functions plus interac­
tion terms. 
Little research has been published on the effect of 
drouth on yield responses to fertilizer but Pesek et al. (6l) 
and Dumenil and Frederick (23) pointed out that responses were 
quite different under drouth conditions than with normal rain­
fall. Several factors which were found to influence yield 
responses to fertilizer under drouth conditions included ini­
tial fertility level, time of drouth, subsoil moisture supply, 
associated insect damage and time and method of fertilizer ap­
plication. 
Few researchers have used multiple regression to inves­
tigate the effect of a large number of factors on yield. How-
P^esek, J. T. Unpublished data. Iowa Agr. Exp. Sta. 
Private communication. 1957* 
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ever, Ferrari (30, 31) used the principles of multiple regres­
sion (graphical multifactor analysis) to determine the influ­
ence of 15 factors upon the potato yields in a small district 
in the Netherlands. These factors included soil fertility, 
physical and hydrological properties of the soil, crop manage­
ment and human influence. Yields and measurements of all 
factors were taken from 230 single-plot sites. He found that 
88% of the variance in yields could be explained by 12 sig­
nificant factors. Peperzak (60) used the same principles of 
multiple linear regression to study the effect of many soil 
properties on vegetative yields on highway backslopes. Tech­
niques thus are available to study the relationship between 
yield and other factors including the nutrient supply. 
2. Factors affecting nutrient concentrations in the plant 
Many factors affect the nutrient concentration of the 
plant. Ulrich (84) gave this generalized equation: X = f(S, 
Cl, T, P, M....) where X, the concentration of a given nutri­
ent, would be the function of soil (S), climate (CI), time 
(T), plant (P), management (M) and possibly others. Goodall 
and Gregory (32) also included pests and diseases. 
(a) Soil fertility and other soil factors. In the 
simplest situation with all nutrients except one maintained 
at a high level, the concentration of this nutrient in the 
plant has risen to a certain level with ircreasing external 
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supply. As two or more nutrients were varied, the effects on 
the concentration of these nutrients and other nutrients in 
the plant have been much more complex, particularly under 
field conditions. Many conflicting results have been present­
ed in the literature because of different conditions under 
which the experiments were conducted. Many of the phenomena 
have not been adequately explained. 
Goodall and Gregory (32) generalized that the concentra­
tion of the element in the plant depends upon the specific 
relation of the nutrient to the growth process, rate of uptake 
and rate of utilization. With N deficiency, growth remains 
low and no auxiliary meristems are laid down. The uptake of 
other elements such as P and K does not cease and these are 
then present in relatively high concentration. (This con­
flicts with other results, particularly in leaf analysis.) 
The same is true to a less extent with P deficiency, but with 
K deficiency, growth does not cease and so the N concentration 
does not rise to the same degree. They stressed that the 
relative concentration of the nutrients in the tissues is no 
measure of the level of supply of any particular element, but 
depends upon the total supply of all elements. 
From his many experiments principally with cereals over 
almost 20 years, Lundegardh (49) found that many factors were 
involved in the nutrient concentration within the plant and 
that interactions were frequent and complex. He pointed out 
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that the concentration of nutrients in the medium influenced 
growth only to the extent to which the nutrients were actually 
taken up and distributed to the rest of the plant. He con­
cluded that the mutual influence of ions (ion interference or 
ion antagonism) on uptake by roots and distribution within the 
plant has been so widespread that a generalization on the 
proportionality between fertilizer application and nutrient 
uptake is unjustified. The P content of plants was dependent 
on the N nutrition as well as the P content of the soil. Ac­
cumulation of K was influenced by general rate of growth; with 
restricted growth caused by N deficiency or drouth, the K 
content was increased. With N deficiency, concentrations of 
P and Ca were increased if they were present in greater con­
centrations than the N. The Ca content should be determined 
in plant analysis, he believed, because of ion antagonisms 
between Ca and K and Ca and Mg. Therefore, he emphasized that 
caution was necessary in the use of leaf analysis because of 
the many factors which affected the concentrations. 
Many other investigators have studied the effect of fer­
tilizers on the concentrations of nutrients in the leaves or 
other plant parts. Chapman (14), working with 17 soils in 
pot culture tests, found that N deficiencies caused an accu­
mulation of inorganic P in oats even in P-deficient soils. 
However, little or no accumulation of inorganic P occurred in 
early growth stages in plants about equally N and P deficient. 
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He reported that other earlier workers also obtained similar 
results. 
Shear et al. (72) determined the concentration of N, P, 
K, Ca, Mg, S, CI, Na, Mn, Fe, Zn and Bo in tung leaves from 
many factorial experiments of 2 to 5 elements at 3 to 5 levels 
in sand cultures. With all other factors constant, plant 
growth was a function of the two variables of nutrition, in­
tensity and balance, as reflected in the leaf composition of 
plants at the same stages of development. They emphasized 
that the functional concentration of all mineral elements in 
the leaves must be considered and that leaf composition was 
the only valid criterion of the nutritional status of the 
plant. 
Chapman (13) studied the absorption of nutrients by rub­
ber trees by analyzing the leaves in a series of NPK factorial 
pot experiments. He found depressed N percentages from P ap­
plications, decreased P percentages from K applications and 
increased P contents in some cases from N applications. 
Hill and Cannon (40) determined N, P, K, Ca and Mg in 
potato petioles from a 3^  NPK factorial on a muck soil. Mul­
tiple linear regression analysis showed a significant, posi­
tive correlation between N and P contents at a constant K 
level, a significant, negative correlation between a combined 
unit of N and P on K content and highly significant, negative 
correlations between K and Mg and K and Ca contents. 
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From a fertilizer experiment in three seasons, Atkinson 
et al. (3) extracted the major nutrients from potato stems 
with sodium acetate solution. The amounts of nitrates and K 
in the plant tissues were usually increased from applications 
of these elements but concentrations of phosphates were not 
affected by P fertilization. Frequently, when the nitrate 
concentration was increased, that of phosphate was decreased. 
Van der Paauw et al. (90) checked the relationship be­
tween the P contents of grass and soil test values on a large 
number of plots in the Netherlands. Since they found a posi­
tive, linear relationship between N and P contents in the 
grass, the correlations between P content of the grass and 
soil test P were considerably improved by adjusting the P 
percentages to a mean N level. These correlations largely 
eliminated the effects of different stages of physiological 
development and of varying botanical composition, they said. 
The pH and humus content also had some effect on the P con­
tent. In another series of experiments on potatoes, van der 
Paauw (89) found that the correlation between the K content 
in the tops and K soil tests was much improved by eliminating 
the effects of N content, clay content and "lime" content by 
the method of "poly-factor analysis" (graphical multiple co-
variance) . 
Samuels and Capo (65) studied the effects of fertilizers 
on the nutrient concentrations of sorghum in the greenhouse 
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and of sugar cane and coffee leaves in field experiments. 
Application of each nutrient increased the concentration of 
that nutrient in the plant. The N fertilizer had no consist­
ent effect on P content of sorghum or coffee leaves but did 
lower the P concentration of the sugar cane leaf. It increased 
the K content of sugar cane and had no effect on Ca contents. 
The P fertilizer decreased N percentage of sorghum and sugar 
cane, increased K percentage of sugar cane and decreased the 
Ca percentage of coffee. The K fertilizer decreased the N and 
Ca percentages in the leaves of all crops but had no consist­
ent effect on the P percentage. Increasing Ca levels increased 
P and K percentages of coffee and decreased the N percentage 
in sorghum. Where decreases in concentrations occurred, these 
decreases were offset by increases in the weights of the parts 
sampled. Thus in these experiments, only a dilution effect 
was present, not ionic interactions or antagonisms. 
Tremblay and Baur (79) found that K fertilizer increased 
the K content in the leaves, petioles and stems of peas but 
low rates of N and P had no significant effects on K concen­
tration provided adequate K was also applied. Haddock and 
Linton (3^ ) found that 80 pounds of N per acre had little ef­
fect on P percentage of pea vines.or on yields in their fer­
tilizer and irrigation experiments. 
In an NPK factorial experiment on the unlimed Jordan 
plots in Pennsylvania with treatments since 1881, Thomas and 
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Mack (77) found that the P concentration of the third corn 
leaf was increased markedly by P fertilizer in the absence of 
K but considerably less in the presence of K. The P fertiliz­
er also decreased the K percentage below the critical level 
set by Tyner (81); it also increased the Ca percentage and 
increased Mg without K but decreased Mg with K. The K ferti­
lizer decreased Ca and Mg percentages, particularly in the 
presence of P fertilizer. Some of the PK interaction effects 
probably were due to cumulative effects over the years. 
Tyner and Webb (83) studied the effects of N, P and K 
applications on nutrient concentrations in the sixth corn leaf 
before, during and after silking and found that N and K ferti­
lizers affected the concentrations of each other. The N ap­
plication, as ammonium sulfate, markedly decreased the K per­
centage and thus reduced the N efficiency. The highest rate 
of K, 80 pounds of KgO per acre, depressed the N percentage 
slightly. The P fertilizer had no effect on the concentra­
tions of the others nor did the others have any effect on the 
P percentages. They concluded that the N and K fertilizer 
balance may be important only on soils low in N or K; the ap­
plication of heavy rates of the one not deficient might in­
tensify deficiency symptoms of the one already deficient and 
depress yields. Dumenil and Meldrum have found similar cases 
from which the data have not been published. However, the 
20 
presence of P fertilizer often accentuated the effect of N on 
K concentration or vice versa. 
Chubb and Atkinson (16) sampled the third leaf of corn at 
tasseling from various fertilizer treatments and found that 
the P fertilizer had no effect on the P concentration but that 
the N fertilizer significantly reduced the P percentage. The 
N and P treatments also reduced the K percentage. 
Krantz and Chandler (44), in a study of the effects of N 
and K rates on the composition of the fifth or sixth corn 
leaf, found that the P percentage was affected slightly by P 
application drilled along the row but was markedly increased 
by level of soil P. The N fertilizer not only consistently 
increased the N percentages but also increased the P and K 
percentages of the leaves, particularly on soils high in these 
nutrients. On one high-P soil, the correlation between H and 
P percentages in the leaves was very high (r = 0.94 to 0.98) 
for all three sampling dates from about one week before tas­
seling to the roasting ear stage. The slopes of the three 
regressions were the same but the intercepts varied, showing 
that the N/P ratios were different at the different sampling 
dates. The P and K fertilizers had little effect on the N 
percentages. 
In eight N side-dressing experiments, Bennett et al. (4) 
found that N fertilizer increased the P percentage appreciably 
in the seventh corn leaf at silking in five of the experiments 
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and decreased the K percentage slightly in two of them. The 
N and P percentages were highly correlated. Multiple regres­
sion showed that these increases in the P concentration of the 
leaves were associated with yield responses independent of the 
N effect. 
Viets et al. (91) found high positive correlations (r = 
0.84 to 0.89) between leaf N and P in the sixth corn leaf at 
silking in three experiments under irrigation. The N ferti­
lizer increased the P percentages markedly in two of the ex­
periments. Different sources of N affected the leaf P dif­
ferently, with ammonium sulfate increasing it the most and 
calcium nitrate the least. This difference was due to a larg­
er increase in leaf N from the former than from the latter. 
The P and K applications had little effect on the other nutri­
ents in the leaf. 
In four N-stand level-hybrid experiments, Holmes (4l) 
found a significant positive correlation between N and P con­
centrations in the seventh corn leaf in only one experiment. 
The N fertilizer increased leaf P in one experiment and there 
was a positive trend in another. The other two were near the 
critical level initially. He found a highly significant inter­
action between hybrids and N levels on the leaf P percentage 
in both 1953 experiments but none in the 1954 experiments 
where yields were affected by dry weather. Increased N levels 
decreased the K percentages of the leaf in both 1953 experi-
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meats ; significant hybrid x N level interactions on leaf K 
also occurred in these experiments. 
In Kansas experiments affected by drouth in 1952, Ellis 
et al» (27) found that P and K together significantly decreased 
the Mg percentage. The N fertilizer decreased the P percent­
ages. In an irrigated experiment in 1954, N fertilizer had 
no significant effect on leaf P. 
In summary, the effect of N fertilizer on P composition, 
which is of interest in this study, has shown considerable 
variability. Generally, N fertilizer has increased the leaf 
P when N availability was low and P availability was medium to 
high. Several investigators have found a significant positive 
correlation between the N and P contents in the leaves of 
various plants. The reason for the increase in P percentage 
from N fertilization has not been explained fully. Bennett 
et al. (4) pointed out that the more extensive root system 
from N fertilization of a low-N soil may increase P uptake. 
Since N and P are closely associated in the proteins and en­
zymes, the increased N uptake and utilization in organic mate­
rials may increase the utilization of P and increase the up­
take gradient for P. Viets et al. (91) found that the in­
crease in P percentage with increased N uptake represented a 
faster accumulation of total P than of dry weight. They also 
mentioned that it is possibly due in part to a better developed 
root system in contact with a greater volume of soil. 
23 
Rotations with legumes influence nutrient availability 
in soils and thus the nutrient concentration in the plant. 
Andharia et al. (2) and Tyner et al. (82) found that different 
rotations affected the N concentrations of corn leaves. They 
concluded that the primary effect of legumes on yields was due 
to increased N availability for the corn crop as reflected in 
increased leaf N content. Tyner et al. (82) also pointed out 
that rotation effects on leaf N varied with the season because 
of differences in N release due to climatic effects during the 
growing season. The legume growth in the preceding year also 
affected N concentrations in corn leaves. 
Hanway and Meldrum^  have found that the position of the 
corn crop in the rotation may influence the K concentration 
in the leaves, particularly on low-K soils. Following removal 
of large amounts of K by meadow crops, the leaves of first-
year corn were low in K but leaves of second-year corn had 
higher K levels because large amounts of K in the stalks were 
returned to the soil by the first-year corn crop. 
Other soil factors such as pH, aeration and physical 
properties may influence nutrient concentration in the plant 
or parts of it as numerous investigations have shown. 
(b) numatic factors. Lucas et al. (48) and Weeks and 
Fergus (92) found that seasonal and weather conditions influ-
H^anway, J. J. and Meldrum, H. R. Unpublished data. Iowa 
Agr. Exp. Sta. Private communication. 1957» 
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enced the nutrient concentration of mature plants with the 
straw or stover varying much more than the grain. 
Goodall and Gregory (32) generalized that the internal 
concentration of nutrients will rise when plant development is 
slowed by a low level of external factors such as water supply 
or temperature. 
Lundegardh (49) concluded from many experiments with 
small grains that the index or content values, S (Spiegel-
werten), were partly dependent on rainfall. Under dry condi­
tions, the SK values rose somewhat above normal but the Sp 
values were less variable. The values rose appreciably 
under dry conditions even in N-deficient fields. The varia­
tions in Sp and were not sufficient to disturb the diag­
nosis by plant analysis unless drouth was severe but rainfall 
conditions had to be considered when interpreting values. 
Under wet conditions, he found that all S values decreased 
somewhat. 
Scarseth (68) quoted data of Ohlrogge in which drouth af­
fected the P availability from different methods of applica­
tion. Plant tissue tests indicated low P in the corn where 
120 pounds of PgO^  was drilled along the row but high P where 
the same rate was plowed under. Very few active roots were 
found in the dry soil near the surface where the row fertiliz­
er was placed but abundant root growth was found in the moist 
soil at plow depth where much of the plowed-under P was lo-
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cated. As drouth progresses, the decreased root activity from 
the surface downward causes decreased nutrient uptake from an 
area that is usually highest in N and often highest in P sup­
plies, he concluded. 
From four years of experiments on irrigated, calcareous 
soils of Utah, Haddock (33) related the soluble P content of 
sugar beet petioles to soil moisture conditions and fertilizer 
placement. Using P^ 2 to study P uptake, he found higher 
amounts of P in the petioles from the treatments with higher 
moisture levels. Differences were slight at the higher mois­
ture levels between band placement 6 inches deep and 4 inches 
to the side of the beets and broadcast and mixed into the 
surface 2 inches. When the soil was kept dry, the P content 
of the petioles was lower but more accumulated in the plants 
from the deep-placed P than from the surface broadcast place­
ment. The soil moisture levels influenced utilization of fer­
tilizer P; with deep placement, 40 and 24$ of the P uptake 
came from the fertilizer at low and high moisture levels, re­
spectively. He thought that the increased P uptake at moist 
soil,conditions was because the cooler soil, due to a high 
evaporation rate, held more COg which then brought more soil 
P into solution. Since these soils had 2 to 3 times more COg-
extractable P in the surface 6 inches than in the next 6-inch 
layer, the increased P uptake may have been due to increased 
root activity in the surface 6 inches under moist conditions. 
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Haddock and Linton (34) also found that increased moisture 
levels increased the acetic acid-soluble P in pea vines. 
Spies (75) calculated critical levels of 2.33 and 2.4-956 N 
in two experiments under dry conditions. These agreed with 
the critical level of 2.5$ N found by Nicholson and Pesek1, 
also under drouth conditions. Spies concluded that critical 
N levels may be lower in dry years than in normal-moisture 
seasons. 
Under severe drouth conditions, Ellis et al. (27) found 
limited increases in N and P content of corn leaves from N 
and P fertilizers although leaf levels were low. Yields which 
averaged about 30 bushels were not affected by these fertiliz­
ers. On the K-deficient soils, the K fertilizer increased the 
leaf K markedly and yields somewhat. The critical K level ap­
peared to be similar to Tyner's (81) critical value. In ir­
rigated corn, they found leaf levels of 2.5 to 2.7$ N at tas-
seling in corn whose yields were restricted to 50 to 60 bush­
els by drouth. 
Chapman (13) found that leaves from rubber plants suffer­
ing from water-logging or drouth were often low in nutrients 
despite heavy fertilization. Leaf composition then was not 
correlated with growth. 
N^icholson, R. P. and Pesek, J. T. Unpublished data. 
Iowa Agr. Exp. Sta. Private communication. 1957* 
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In Hawaii, Clements (18) found that the N index of sugar 
cane was characteristic of the prevailing temperature and 
elevation of the field. The normal N level was higher in the 
cooler areas. Using multiple regression to study factors af­
fecting the P index (per cent P) in the sheath tissue of sugar 
cane, Clements (17) found that two dominant factors, other 
than P availability, were sheath moisture and total sugars. 
From the multiple regression analysis, he calculated a Stand­
ard P Index (SPI) as a function of the actual P index, sheath 
moisture level and total sugar level. In effect, the SPI 
converted the P index to normal growth conditions by compen­
sating for high moisture, varieties having high tissue mois­
tures and drouths affecting the P levels. 
(c) Time of sampling. All investigators have found that 
the concentration of nutrients varies in different plant parts 
throughout the growing season. Because of this, investigators 
of leaf analysis have standardized their testing on a part of 
the plant taken at a definite time or stage of maturity. This 
is necessary to reproduce results in prediction and diagnostic 
purposes. A practical problem in the use of leaf analysis is 
how critical is this time of sampling. 
Lundegardh (49) found that the index values of flowers 
and fruits varied to a small extent even with large variations 
in nutrient supply but the values in the leaves and stems 
varied much more. Towards the end of the vegetative period, 
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the N, P and K values decreased in the leaves-of all cereals 
but the Ca index remained nearly constant. However, over a 
period of about two weeks before flowering and during pollina­
tion, all index values either remained almost constant (par­
ticularly for K) or fell not more than 20 to 25# • For prac­
tical purposes, the period between full emergence of the heads 
and pollination is easy to recognize and should be most suit­
able for leaf analysis, he concluded. The nutrient concentra­
tion in the stem also reflected the nutrient status but in 
cereal plants the periodic variation: of K and Ca was much 
more pronounced than in the leaves. 
Salter and Ames (64) found that the N and K percentages 
of whole corn plants decreased from latter June until matu­
rity. The P percentage decreased until July 26, then increased 
until August 23 and decreased thereafter. The period between 
July 26 and August 9 samplings (tasseling and silking) showed 
little change. 
Thomas and Hack (77) sampled the third corn leaf four 
times (July 6 to August 25). The N percentage decreased from 
July 6 to August 8 with little change between the last two 
samplings; the rate of decrease was less on the N treatments 
than those without N. The K percentage decreased on most of 
the treatments between the July 21 and August 8 samplings with 
little difference between the first two and last two samplings. 
There was little change in K levels on the P and NP treatments 
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which had very low levels initially. There was no difference 
in the P content between the first and third samplings except 
decreases on the check and K treatments. The P content was 
highest on all treatments at the last sampling. 
From the sixth corn leaf sampled at four times (July 16, 
30, August 16, 30) Tyner and Webb (83) found that the N and P 
percentages decreased almost linearly with time. The K levels 
were about the same at the first and last samplings but were 
at the maximum and the same at the second and third samplings. 
Fertilizer treatment had little effect on the rate of change 
of any of the nutrients in the leaf. 
Sayre (66) found that the concentration of N and K in 
corn leaves gradually decreased during the season but that of 
P increased to a maximum at tasseling and then slowly de­
creased. The concentration of all nutrients in the leaves de­
clined very slightly from tasseling until two weeks after 
silking. However, nutrient levels were high in this experi­
ment. 
Samuels and Capo (65) found that increased concentrations 
of nutrients due to fertilization tend to disappear with in­
creasing age of plants. In sugar cane leaves, the difference 
in concentrations from treatment was significant at 3 months 
of age but disappeared at harvest (10 months) despite yield 
differences. 
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Sampling the fifth or sixth leaf at three times (about 
one week before tasseling, at full tassel and at roasting ear 
stage), Krantz and Chandler (44) found that the N and K con­
centrations decreased during the sampling period. The P con­
tent was highest at full tassel in two experiments and lowest 
at full tassel in another. 
Hanway and Pesek1 found that changes in nutrient concen­
tration in the seventh corn leaf with time were not consistent 
for all nutrients or treatments, as previous references also 
have shown. The P content increased from the first sampling 
when tassels were first emerging up to the last sampling three 
weeks later in two 1951 experiments. The K percentage de­
creased in the one with a high K level but did not change in 
the other one which had a lower K level. In a PK factorial 
in 1954, the P and K percentages decreased regularly from the 
time of first tassels to 10 days after silking. In another 
experiment in 1954, the P content increased from first tassel 
emergence to full tassel but decreased in the next two sam­
plings; the K content decreased with time. In a 1955 experi­
ment, the N percentage decreased with time, the P percentage 
remained constant except for some decrease at the last sam­
pling and the K percentage increased from first tassel to full 
tassel and remained constant thereafter. 
H^anway, J. J. and Pesek, J. T. Unpublished data. Iowa 
Agr. Exp. Sta. Private communication. 1957* 
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All of the studies have shown that the N percentage in 
corn leaves decreased with time during the period around tas­
seling and silking but the rate of decrease varied somewhat 
with the N availability of the soil. The K percentage usual­
ly decreased with time through this period but there were 
several exceptions. The P percentage with time followed no 
definite pattern and apparently would be difficult to predict. 
Since the N and P contents have been shown to be closely cor­
related, the P content might be expected to decrease as the N 
does. The different patterns may reflect differences in P 
availability of the soil and slower translocation of P than 
N from the leaves to the developing ear. 
(d) Plants and varieties. Critical levels of nutrient 
concentration vary among plants as shown by Goodall and Greg­
ory (32). However, groups of similar plants may have about 
the same critical values. 
Of much more practical importance, and which has received 
little attention, is the influence of variety on plant anal­
ysis. Several workers have pointed out varietal differences 
in nutrient concentration of plants at the same fertility 
level. Others have found only small or inconsistent differ­
ences. If varieties differ not only in composition but also 
in potential response to fertilizer at the same composition, 
a separate concentration-yield relationship then may have to 
be determined for each variety or group of varieties. Of 
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course, varietal differences in responses to fertilizer will 
affect the accuracy of any other method used to predict re­
sponses. Goodall and Gregory (32) pointed out that varietal 
differences in composition represented differing ability to 
absorb nutrients in many cases and not differing reaction to 
a given internal concentration. 
Holmes (4l) reviewed much of the limited research on va­
rietal differences in composition and yield responses. He 
studied the composition of the seventh leaf and yields at 
various N and stand levels of 15 single-cross hybrids (all 
combinations of six inbreds). Highly significant differences 
in yield and leaf N, P and K occurred among hybrids; these 
differences appeared to be due to differences among inbreds. 
His data suggested a hybrid x season interaction on nutrient 
uptake and utilization. The relative composition of the hy­
brids varied from the first to the second year; many were be­
low average one year and above the next or vice versa. Sig­
nificant hybrid x N interactions on leaf N, P and K were found. 
Sayre (6?) found wide variations of N, P and K contents 
of the ear leaf of 13 inbreds sampled shortly after silking. 
The ranges were 1.82 to 2.46# N, 0.162 to 0.336# P and 0.97 to 
2.57# K. 
Since most commercial corn varieties are double-crosses 
involving four different inbreds, the composition is likely to 
deviate less from the mean than that of inbreds or single-
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crosses. If further research shows that varietal differences 
are important in the use of plant analysis, the problem will 
be further complicated because closed-pedigree hybrids are 
used on most of the corn acreage. 
(e) Soil and crop management. These factors are many 
but the ones discussed will relate to method and source of 
fertilizer application, tillage methods, stand levels, weed 
control, insects and diseases. 
Of interest in this study is the effect of the method of 
P application on leaf P content. Scarseth (68) reported one 
case under drouth conditions where plant tissue analysis showed 
a much higher amount of P in the corn plants from broadcast 
and plowed-under application than from the same rate applied 
in the row. 
There was a spurt of interest in studying P uptake and 
growth responses from various methods of application when 
radioactive P became available. Unfortunately, only a few 
experiments were conducted with corn and these experiments 
were not continued long enough to compare the effects of var­
ious methods over different soils and seasons, particularly 
comparisons of broadcast and row placement. 
In the first series of experiments using radioactive P, 
Nelson et al. (57) found that, of four crops studied, corn 
represented one extreme in P absorption. A high proportion of 
P absorbed early in the growing period by corn came from the 
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fertilizer in a double band 2-£- inches from the seed, but at 
the end of the season, corn was absorbing less P from the fer­
tilizer than any other crop. There was a marked early growth 
response from the P fertilizer, but by silking, the plants in 
the plots without added P had the same size as the P treat­
ments . There were no significant yield differences. They 
reported the same type of growth and yield responses had oc­
curred in earlier field experiments. They found that corn 
developed a very extensive root system and absorbed a relative­
ly large amount of P in later growth stages. Sayre (66) also 
reported a similar P uptake pattern by corn. Krantz et al. 
(45) repeated similar experiments the next year with radio­
active P and found that the P uptake behaved the same way when 
P fertilizer was banded along the row. 
Nelson et al. (58) studied several placements of phos­
phate including 4 inches deep and 3 inches to each side of 
row, mixed 4 inches deep and 6 inches wide under the row and 
broadcast and disked in. They found little difference in P 
uptake between the first two methods but the broadcast fer­
tilizer was less efficient throughout the season. A broadcast 
and plowed-under treatment also would have been of interest. 
No significant yield differences were found since drouth lim­
ited yields to 65 to 70 bushels. They concluded it is pos­
sible to get early growth stimulation by one placement and to 
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increase further the P uptake in later growth stages by anoth­
er placement. 
One point that was understood, apparently, but not 
stressed was the rate of P uptake as a function of time. This 
was illustrated in a method study on soybeans by Welch et al. 
(93) where banded P, 3 inches to each side and 2 inches below 
the seed, was compared with broadcast and disked-in P. They 
stated that band placement resulted in a much larger absorp­
tion of fertilizer P than broadcasting at the first five sam­
pling periods. This statement, however, was somewhat mislead­
ing. If the P uptake from the fertilizer is plotted against 
time for both methods, the rate of uptake is much higher from 
the band placement than from broadcast up to the third sam­
pling (about one month after emergence). Between the third 
and fifth samplings, the rates of uptake from the two methods 
were about equal. After the fifth sampling, the rate of up­
take from the broadcast method was higher. The P percentage 
in the whole plant was higher from the band than from broad­
cast placement at the first four samplings, the same at the 
fifth sampling and higher from the broadcast than band at the 
sixth sampling• 
Stanford and Nelson (76) found that the P uptake pattern 
varied at three locations where placements were compared using 
radioactive P. In a Clarion soil where germination was re­
tarded by drouth and yields were low, the rate of P uptake was 
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higher from seed level (2 inches) than from deep (5 inches) 
placement up to the third sampling (about July 8). After 
that, the uptake rates were equal. On the Webster soil of pH 
7.1 where late planting, early dry weather and N deficiency 
before tasseling limited yields, the rate of uptake was the 
same from both methods during the season. On another Webster 
soil, pH 6.7, where moisture conditions were favorable early 
but drouth in July and August limited ear development, the 
rate of P uptake was higher from the 2-inch depth up to the 
third sampling (July 16, 3 feet high) but after that was high­
er from the 5-inch depth of placement. 
In order to study the influence of root activity on the P 
uptake from different methods of application, Hall et al. (35) 
placed radioactive P at various depths and distances from the 
plant and determined the P uptake by the plant with time. At 
the end of four weeks after planting, the root system of corn 
developed in a hemispherical volume extending over 18 inches 
deep and 24 inches in radius. Prior to maturity, the roots 
extended laterally beyond 30 inches. The P^ 2 placed 3 inches 
deep contributed half of the plants1 supply of P^ 2 through the 
first seven weeks and over one-third throughout the growing 
period. The P^ 2 at 8 inches, 13 inches and 18 inches contrib­
uted about 1/3, 2/9 and 1/9 of the plants1 supply, respective­
ly. The root activities at the various depths were similar on 
a sandy loam and on a clay loam which had a compact layer in 
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the subsoil. Some implications of this study were: (1) corn 
draws water and minerals from a large volume of soil, (2) a 
fertile soil of considerable depth is needed for maximum pro­
duction, (3) ordinary methods of hill or row placement for 
corn are relatively insignificant except for early growth and 
(4) cultivation should be early and shallow as practical to 
reduce root injury. 
Larson (46) studied different methods of P application 
for sugar beets under irrigation. In one experiment, fall 
piowed-under and spring deeply disked-in P gave greater yields, 
early growth and P concentrations in the foliage than did 
banding at either 2- or 5-inch depths and 2 inches from the 
seed. In another experiment, fall plowed-under P gave greater 
yields, early growth and P concentrations than broadcast and 
disked-in or banded P 3 inches deep. An indirect method of 
measuring the relative effectiveness of P placements using 
radioactive P also showed the superiority of the plowed-under 
placement. He also found that 14, 47 and 39# of piowed-under 
fertilizer was located in the 0-2, 2-5 and 5-7 inch layers, 
respectively. In addition, a banding effect was present be­
tween the plow slices. 
In 11 experiments from 1952 to 1954 with hill-applied P 
sources of different water solubilities, Webb1 found little 
W^ebb, J. R. Unpublished data, Iowa Agr. Exp. Sta. 
Private communication. 1957» 
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difference in the P percentages of the seventh leaf taken at 
silking time due to rates of P and no difference among sources. 
The P percentages averaged 0.221, 0.227 and 0.231 for 0, 15 
and 30 pounds of PgO^ , respectively. The yield responses from 
superphosphate were about 8 and 12 bushels from the two rates 
with about half as much response from the source with the 
lowest water solubility. In a similar experiment in 1955 with 
large yield responses, he found significant differences among 
rates and sources in the P contents. 
In four plowed-under experiments comparing sources of P 
fertilizer, Webb1 found significant differences in P content 
of the seventh leaf taken at silking time due to rates but 
none among sources. The P percentages and yields averaged 
0.236, 0.259 and 0.269# P and 69, 82 and 86 bushels from 0, 
30 and 60 pounds PgO^ , respectively. Comparisons between 
calcium metaphosphate and superphosphate in another series of 
experiments also showed no difference in the leaf P contents. 
In the most relevant experiments pertaining to broadcast 
and hill-placed P applications, Webb1 found that 20 pounds of 
PgO^  broadcast increased the P content of the seventh leaf 
taken at silking time considerably more than the same rate 
applied near the hill although yield increases averaged the 
same over all experiments. In four experiments in 1954, the 
e^bb, J. R. Unpublished data, Iowa Agr. Exp. Sta. 
Private communication. 1957. 
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P percentages were 0*235, 0.239 and 0.258 from 0, 20 pounds 
PgO^  near the hill and 20 pounds PgO^  broadcast and plowed-
under, respectively. In five experiments in 1955 where the 
P fertilizer was broadcast and disked-in on three of them, 
the P percentages averaged 0.231, 0.246 and 0.259 from none, 
hill and broadcast P, respectively. 
Corn leaf samples taken at silking time often do not show 
the P applied in a hill or row fertilizer applied at planting 
time (split-boot attachment) although the method increases 
yields. The leaf samples probably reflect the P-supplying 
power of the soil or availability of the fertilizer during the 
preceding several weeks. During this period, the growth rate 
and P needs of the corn crop increase. The research mentioned 
previously shows that the rate of P uptake from row- or hill-
placed P fertilizer at shallow depths is rapid during early 
growth when total P uptake is low, but it slows down towards 
the beginning of the "grand period of growth" when the rate of 
P uptake increases and root activity near the surface de­
creases. Moisture conditions during this rapid growth period 
also will influence the root activity near the soil surface. 
The rate of P uptake from broadcast P fertilizer, particularly 
plowed-under, is slow in early growth stages but increases as 
the root activity expands deeper and over a wider area during 
the period when com makes its rapid growth from 5 to 6 weeks 
after emergence until tasseling. 
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The failure of hill or row fertilizer to have much effect 
on the leaf P content may also be due, in part, to a dilution 
effect. In this way, the P uptake from this fertilizer is 
diluted with relatively more dry weight thus decreasing its 
concentration. Dumenil and Hanway, in leaf composition stud­
ies from which the data have not been published, and Webb1 
have found that this dilution effect may occur to a varying 
degree in corn leaves. In many cases, however, differences 
between the dry weights of the leaves at silking of the hill-
applied and broadcast fertilizer treatments were small although 
the dry weights of both were higher than the unfertilized 
treatment. The dilution effect does not appear to be the pri­
mary cause of the smaller effect of hill or row than broadcast 
P fertilizer on the leaf P content. 
Tillage methods also may influence the nutrient concen­
tration in corn. Bower et al. (9), Lawton and Browning (4?) 
and Parker et al. (59) found that various tillage methods such 
as listing, subsurface tillage and mulch tillage often reduced 
the N and K contents and subsequent yields when compared with 
conventional plowing. 
Stand levels often have marked effects on yields and 
yield responses to fertilizer. Tyner (81) mentioned that in­
creased stand levels decreased the N content of corn leaves 
W^ebb, J. R. Unpublished data. Iowa Agr. Exp. Sta. 
Private communication. 1958. 
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and often from above to below the critical level. In eight 
stand level-fertilizer experiments, the results of which have 
not been published, Dumenil and Hanway found that increased 
stands decreased both the N and P contents of the corn leaves 
but either had no effect on or slightly increased the K con­
tent. Several experiments showed stand level-fertilizer inter 
actions on nutrient contents. At the higher fertility levels, 
N and P contents were reduced less by increased stand levels 
than at the lower fertility levels. 
In a study on the effects of stand levels, N levels and 
different hybrids, Holmes (4l) found results similar to those 
in earlier experiments. The results were not as consistent 
probably because moisture was limiting to a varying degree at 
all locations. In two of the experiments, significant, posi­
tive N x stand interactions on leaf N and P were present. In­
creased stand lowered both the leaf N and P contents markedly 
at the zero N level but very little at the 200 pound rate of 
N level. In one experiment, a significant hybrid x stand 
interaction on leaf N and P occurred. Increased stand levels 
significantly decreased N content at all four sites and P 
content at two sites. 
There is little information in the literature on the ef­
fect of weeds, insects or diseases on plant composition. It 
is reasonable to expect that competition for nutrients and 
water by weeds, damage to the conducting tissues by corn bor-
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ers, damage to the root system by corn rootworms and damage 
to the plants by diseases such as root rots and leaf blights 
would decrease nutrient uptake and composition of the plant. 
There is ample evidence that yield responses from fertilizers 
may be quite different from normal in the presence of severe 
damage from any of these sources. 
3» Relation of yields and yield responses to nutrient con­
centrations in the plant 
(a) Yields. As the level of a deficient nutrient is 
increased, it has been shown that both yield and nutrient con­
centration increase, at least in certain plant parts and at 
certain stages of development. Attempts have been made to 
express this relationship of yield to concentration in a math­
ematical form. Pfeiffer et al. (62) proposed a hyperbolic 
formula. Mitchell (53) found the relation to be nearly linear 
until the maximum yield was reached. 
Macy (52) divided the curve relating yield and nutrient 
concentration into three linear segments; (1) the "minimum 
percentage" where yield rises but internal concentration re­
mains constant at its minimum amount, (2) the "poverty adjust­
ment" region in which both yield and concentration rise line­
arly and (3) a "luxury consumption" region in which yield re­
mains constant but concentration still rises. The transition 
from the "poverty adjustment" to "luxury consumption" region 
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takes place at the "critical percentage". It is unlikely that 
yield and concentration of one nutrient are related over the 
entire range if conditions cover a wide range of combinations 
of other nutrients. Another difficulty in his concept is that 
he tries to define what is probably a continuous function as 
a series of linear segments. There is also little evidence 
in the literature of the presence of the "minimum percentage" 
segment• 
Several others have expressed the yield as a function of 
the concentration of a single nutrient either graphically or 
mathematically. Tyner (81) correlated corn yields with the 
concentration of a limiting nutrient in the sixth corn leaf at 
adequate quantities of the others. He found highly signifi­
cant individual correlations and regressions of yield on per­
centages of N, P and K. For each, he calculated a linear re­
gression equation. The N relationships appeared to be curvi­
linear but no deviations from linearity were apparent in the 
P and K regressions. He calculated critical percentages of 
2.90# N, 0.295# P and 1.30# K on an air-dry basis (3.1# N, 
0.315# P and 1.4# K on an oven-dry basis). He did not explain 
how he calculated the critical N level but did state that the 
critical P and K levels were obtained from the yield level as­
sociated with the critical N level. This yield then was in­
troduced into the regression equations of yield on P and K 
percentages to get their critical levels. 
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Lynd et al. (50) found correlation coefficients of 0.54 
in 1947 and 0.72 in 1948 between yields and N contents in the 
corn leaves from a rotation-fertility experiment. There was 
little correlation between yields and P or K percentages. 
Viets et al. (91) found high correlations between yields 
and N percentages in the sixth corn leaves in three irrigated 
experiments. The linear regression coefficients of the experi­
ments were nearly the same but the intercepts of the equations 
were markedly different. Therefore they concluded that the 
regression of yield on leaf N could not predict yields accu­
rately. They did not analyze the combined data to determine 
how much of the variance of yields could be accounted for by 
the regression of yield on N percentage. 
Andharia et al. (2) found a high correlation (r = .97) 
between leaf N and mean corn yields in a rotation experiment. 
Spies (75) separately correlated yields with leaf N, P and K 
percentages in three NPK factorial experiments. He found 
highly significant correlations between yields and N and P 
percentages but no relationship between yield and K percentage. 
Holmes (4l) also found significant correlations between yield 
and leaf N in 3 of the 4 experiments, although the correlation 
coefficients were not large. 
Goodall and Gregory (32) emphasized the value of employ­
ing multiple regression analysis where data on simultaneous 
variation in more than one nutrient are available. Tyner (81) 
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pointed out that his regression equations assumed no limiting 
factors except the nutrient and made no allowance for inter­
actions between various elements. He recommended the use of 
experiments designed to study the joint functional regressions 
accompanying simultaneous variations in N, P and K percentages 
in order to develop more accurate yield equations. 
Few references are available dealing with the expression 
of yield as a function of two or more nutrients, particularly 
where rates and combinations of two or more nutrients were ap­
plied. Chapman (13) studied the relations existing among N, 
P and K content of rubber leaves and growth rate of seedling 
rubber or latex yield of mature rubber. Although no mathe­
matical relationships were given, he implied that they had 
been determined. Latex yield was correlated particularly with 
leaf N and under some conditions, both were depressed by P 
fertilizer. The composition and growth rate were usually 
linearly related. 
Eamert (28) related yield to the acetic acid-soluble N 
and P in tomato petioles by multiple regression analyses al­
though the partial regressions and correlations were of most 
interest. Since the relationships were often curvilinear, he 
divided the data into groups for lirear regression analysis. 
The correlations between yield and N or P contents were often 
significant in lower segments but not in the upper ones; evi­
dently contents had risen above the critical levels. The N 
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content-yield relationship was closer at the higher P levels. 
He found that the optimum N levels for maximum tomato yields 
varied during the different growth stages. 
From a 3^  NPK factorial in three consecutive years, Hill 
and Cannon (40) used multiple linear regression to study the 
relationships among the nutrients extracted from potato peti­
oles and yields. Since some of the relationships were curvi­
linear, these data were divided into groups or sub-ranges by 
visual inspection of scatter diagrams. A linear multiple re­
gression was then run on each of the sub-ranges. They found 
that the rYK.NP (correlation between yield and K independent 
of N and P) was positive and highly significant at levels less 
than 3000 ppm. (parts per million) K. At levels more than 
3000 or 4000 ppm. K, the correlation was negative or zero. 
The *yp.NK was zero at less than 70 ppm. P but negative and 
significant at greater than 70 ppm. P in two years of three. 
In the third year there was a significant PK interaction on 
yield shown by the ?yp.NK whlch was negative and highly sig­
nificant at K levels of 250 to 3000 ppm. but about zero above 
4000 ppm. K. The fyN.PK varied with season. In one year it 
was zero at 15 to 200 ppm. N but negative and highly signifi­
cant at greater values of N. It was positive and significant 
at 30 to 200 ppm. N but negative and highly significant at 
200 to 1000 ppm. in another year. It was negative, linear and 
significant in the third year. This study clearly illustrated 
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some of the complexities involved and also the potential value 
of multiple curvilinear regression methods in yield-plant 
analysis relationships. 
Van der Paauw (88) and van der Paauw et al. (90), using 
plant analysis in a different way, used the P and N contents 
of fertilized grass plots to study the relationships between 
percentage yields and P soil test methods. Plotting the P 
soil test against the P content of the grass, they found a 
curvilinear relationship. By "graphical poly-factor analysis" 
(graphical covariance), the P contents were adjusted to a mean 
N level, thus giving a closer fit between the P soil test and 
P content of the grass. There was a positive linear relation­
ship between the deviations of the P contents from the orig­
inal curve and their N contents. Although, they considered 
the correlations between P soil tests and corrected P contents 
of the grass as a more sensitive measure of the availability 
of the P in the soil than the correlations between P soil 
tests and relative yields, there was little mention of con­
sidering relative yields as a function of the N and P percent­
ages in the grass. 
Van der Paauw (89) used the same technique to determine 
the reliability of the K soil test for potatoes. The rela­
tionship between the K percentage in the tops and K soil test 
was much improved after the effects of clay content, "lime" 
content and N percentage were eliminated. 
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From eight N rate experiments on corn, Bennett et al. 
(4) determined the regression equations of yield as a function 
of leaf N and P for each experiment and for the pooled data. 
The N fertilizer increased the P percentage of the corn leaves 
in most of the experiments. The multiple regression analysis 
showed a relationship between yield and P content of the 
leaves, independent of any effects due to N content. For the 
pooled data r^  = 0.80, ryp = 0.?8 and R = 0.8$. The high 
correlation between the N and P contents explained why the 
multiple correlation of the yield on both was only somewhat 
better than the simple correlations of yield on either one. 
The critical N levels were found to be approximately 2.8 to 
3.# K. 
Viets et al. (91) also used multiple regression in relat­
ing yields to N and P contents of corn leaves. In all three 
experiments, yields were highly correlated with N and P per­
centages, both of which were highly correlated (r = 0.84 to 
0.89). In one experiment, both N and P in the leaves had 
independent effects on the yields, as shown by the signifi­
cance of both partial correlation coefficients. Because of 
the high correlation of N and P percentages, the multiple cor­
relation coefficients were only slightly larger than the sim­
ple correlations of yield on N percentage. In all experi­
ments, yield was linearly related to leaf N with little evi­
dence of a statistically significant departure from linearity 
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that could be called the critical N level. However, it was 
possible to calculate the critical N level in one experiment 
from the yield curve; this level was 2.83# N. They also con­
cluded that leaf P data for assessing P status of the plant 
are worthless unless the N status of the leaves is also known. 
In three 3^  NPK factorials on corn, Spies (75) used mul­
tiple regression to relate yields to leaf N, P and K (R = 0.57 
to 0.85 for the three locations). From the pooled data, after 
omitting the K per cent from the regression equation since 
none of its standard partial regression coefficients with 
yield was significant, the equation for pooled yields was 
calculated as a function of the leaf N and P (R = 0.81). From 
the maximum yields calculated with the Spillman equation and 
the regression of yield on N percentage, the critical N levels 
in two of the experiments were found to be 2.33 and 2.49# N. 
These were lower than most reported, probably due to dry 
weather. 
(b) Yield responses. Although the prediction of yield 
from leaf analysis may be of practical interest, Goodall and 
Gregory (32) stated that the use of plant analysis to diagnose 
fertilizer requirements is not directed to forecasting the 
yield but rather to forecasting the response from nutrient ap­
plication. The minimum requirements to develop this method 
would be data from plants at various levels of one factor with 
others adequate. The data would include the percentage of the 
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varying nutrient in definite organs at a definite stage and 
yield increases from the various levels of the nutrient. 
Yield increases from any specified level could then he graphed 
as a function of the initial nutrient concentration. 
The data in several of the foregoing references relating 
yield to nutrient concentration could be shown in this fashion. 
Although Bennett et al. (4), Viets et al. (91) and Spies (75) 
showed a highly significant relationship between increase in 
yield and increase in N percentage from N rates, they did not 
show the relationship of yield increase from any given rate 
to the initial N percentage. 
Other data of this kind, using a single variable, have 
been reported by Crowther (21) on cotton, Emmert (28) on toma­
toes and Lundegârdh (49) on oats, other small grains and 
sugar beets. Lundegardh (49) showed that the relationship be­
tween yield increase and concentration of a single nutrient is 
a concave hyperbolic curve, y = a/ xc where y is the yield 
increase from a specified amount of fertilizer, x is the con­
centration of the nutrient in the plant and a and c are con­
stants. 
It is important to consider the effect of levels of 
other factors in the yield increase-nutrient concentration 
relationship. Pfeiffer et al. (62) claimed that this rela­
tion expressed in terms of percentage increment in yield is 
independent of the supply of other nutrients and of environ­
51 
mental factors. However, relative yield increments are of no 
practical use in predictions of response to fertilizer since 
the absolute increase is not implied. Macy (52) also claimed 
his critical percentages were largely independent of the 
levels of other growth factors. These claims, based in part 
on the constancy of Mitscherlich's effect factor "c", have 
been disproven in recent years (6, 32, 49). 
Lundegârdh (49) showed that the absolute increase in 
yield, resulting from a given fertilizer application to plants 
with a particular internal concentration of the nutrient ap­
plied, was markedly affected by the level of other nutrients. 
From his data, he formulated the relationship between index 
values and yield increases as a simple hyperbolic formula: 
y = ~ Ki - a where x is the index value, y is the yield 
x 
increase from a standard quantity of nutrient, a, b and c are 
constants and is the "interference factor" which represents 
the effect of a second index value. Only three values were 
used to cover the range of values of the second nutrient, al­
though its effect was probably a continuous function. He did 
not show how well his equation fitted the data since no cor­
relations or scatter diagrams were shown, although group aver­
ages over wide ranges were shown. No attempt was made to show 
the relationship among the concentrations of all three nutri­
ents and yield increases. 
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Van der Paauv (88, 89) also presented data which could 
be used to show the effect of another nutrient or soil factor 
on the relationship between yield increases and nutrient con­
tent. He made no direct comparisons, however, since he used 
percentage of maximum yield in his studies. 
Goodall and Gregory (32) mentioned that the effect of 
other factors on yield increases could be determined by ana­
lyzing the plants for all nutrients. The responses could then 
be represented in terms of combinations of concentrations, 
which could be shown as a solid diagram for two factors. For 
more than two factors, the relationship could be represented 
by a regression equation. They pointed out that at the time 
their review was written (19^ 5) no data of that kind were 
available but Lundegardh's research indicated the right direc­
tion. No data using yield increases and composition have been 
analyzed this way since then although yield has been expressed 
in a multiple regression equation as a function of two or more 
nutrients in the plant, as reviewed earlier. 
D. Selection of a Technique 
In selection of a technique for plant analysis, Goodall 
and Gregory (32) stressed that many problems were involved 
such as when and what to sample and how to analyze and inter­
pret. Some have tried to select the technique with a priori 
considerations ; others have assumed that techniques giving the 
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largest differences due to fertilizer treatments were best; 
others have correlated plant composition with soil tests or 
total nutrient uptake with fertilizer needs. In testing the 
sensitivity of methods, the differences must also be compared 
with their standard errors or coefficients of variation. They 
pointed out that the correct criterion for assessing the value 
of any method of using plant analysis for fertilizer require­
ments is agreement between forecast and actual yield re­
sponses. Techniques of correlation and regression, either 
linear or curvilinear, between yield response and nutrient 
content can be used. Where data on simultaneous variation in 
two or more nutrients are available, the values may be analyzed 
by multiple regression. 
The stage of growth at which plant samples are taken is 
complicated by seasonal variations in soil nutrient supply and 
plant composition. In most cases, samples have been taken at 
some definite, recognizable stage of physiological develop­
ment. Many different parts have been sampled. Ulrich (87) 
specified that the plant part must be easy to sample, have a 
relatively constant critical level, high sensitivity (wide 
range of values), furnish an ample amount of plant material 
for analysis and be suitable for analysis of several nutri­
ents. Goodall and Gregory (32) concluded that the sensitivity 
usually is greater in the leaves than in other organs. 
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For small grains and grasses, Lundegârdh (49) found that 
the index values of leaves were relatively constant during a 
two-week period before flowering and during pollination. The 
leaf samples he took consisted of all leaves from plants cut 
about 4 to 6 inches above the ground. 
In a sampling study with canning peas, Tremblay and Baur 
(79) found that either leaf blades or petioles at the third 
node from the top of the plant at the 8- or 9- node stage best 
indicated the K status of the soil. The leaves in the upper 
part of the pea plants were much more sensitive to different 
rates of K fertilizer than the lower leaves. The K content 
increased from the bottom leaves to the top leaves, from 0.5 
to 1.8$ on the check plots and from 0.8 to 3*6# on the high-
potash treatment. In another study, they (80) found that 
either the tops or leaves at the third node from the top at 
the 4- to 8- node stage best indicated the P status. Haddock 
and Linton (34) concluded that early sampling, immediately 
preceding blossoming, was more sensitive than a later sampling 
since it showed a significant correlation between P content 
of the vines and yield and the later sampling did not. Ulrich 
(86) found that ladino clover petioles analyzed at various 
times reflected the P and K status better than the leaf 
blades. 
The most extensive sampling for determining the sensitiv­
ity of different plant parts was made by Clements (18). From 
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24 crops of sugar cane and starting when the cane was 2 to 3 
months old, cane shoots were sampled every 35 days until har­
vest, nearly two years later. The shoots were subdivided into 
many parts and analyzed. From over 100,000 chemical analyses, 
the most sensitive index tissues for N, P and K and other 
measurements were selected using correlation methods of re­
lating the contents of the various plant parts. The nutrient 
contents in the plant parts were not correlated with yields 
initially. Next, he determined the critical nutrient indices, 
at first using field behavior and associated yields and final­
ly by using curvilinear regression methods to correlate yields 
and corresponding nutrient indices in experiments• Clements' 
method of tracing the composition and physiology of sugar cane 
through its growing season for diagnostic purposes is called 
"crop logging". 
Recently, Burr (11) has questioned the use of Clements' 
leaf and sheath index tissues and indicated that stalk anal­
ysis may give a better diagnosis of sugar cane nutrition. 
However, little data on the relationship of the plant analysis 
data to yield or yield increases were given. 
Few detailed sampling studies have been made on corn to 
determine the sensitivity at various growth stages or of vari­
ous plant parts. Thomas and Mack (77) sampled the third leaf 
from the base of the stalk at four different times but no cor­
relations with yield were made. Ellis et al. (27) sampled the 
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third leaf at tasseling time one year and at four times during 
the season in another year. Relationships were poor because 
of drouth. In a different manner, Lynd et al. (51) sampled 
the third functioning basal leaf which was the 4th, 5th or 6th 
leaf in some cases. These "morphologically homologous" 
leaves thus were selected because of severe necrosis of the 
lowest leaves caused by nutrient deficiencies. The midrib was 
also removed and only the blade material used for analysis. 
Such sampling has two disadvantages, time consuming and de­
creased sensitivity since differences among fertilizer treat­
ments would be decreased. The corn also was sampled every 
week between July 20 and August 7 but only one replication of 
the NFK factorial was sampled each week. No conclusions could 
be made because of extreme variability. In cases of severe 
nutrient deficiencies, the third leaf would be undesirable 
since many dead leaves would be included in the sample. 
Tyner and Webb (83) sampled the sixth leaf at different 
times during the season. The sixth leaf (only the blade por­
tion was selected for sampling since the position is easily 
recognized if the lower leaves prematurely drop. It is the 
leaf Immediately below the leaf in whose axil the uppermost 
ear is borne; it is also the blade at the second node below 
this ear. In a further discussion, Tyner (81) listed the fol­
lowing reasons why the sixth leaf at silking time was selected 
in his study of critical N, P and K levels: (1) the stage is 
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easily recognized and described, (2) since all varieties ma­
ture in about the same number of days after silking, the phys­
iological stage of maturity is thus the same for all varie­
ties, (3) the weight of vegetative parts is at or near the 
maximum at this time and (4) this is a period when nutrient 
demands of the plant are very high. 
Krantz and Chandler (44) sampled the fifth or sixth leaf 
from the base, the leaf just below the lower ear, at three 
times. Iowa workers (2, 4, 4l, 75) sampled the first leaf be­
low and opposite the primary ear shoot (the seventh leaf ac­
cording to Tyner1s (8l) description and photograph) from full 
silk to about 10 days after silking. Viets et al. (91) se­
lected leaves at several growth stages but studied the second 
leaf below the ear at silking most intensively. The N content 
of the leaves declined as sampling was delayed but the cor­
relation of yield with leaf N improved (r = 0.39, 0.89 and 
0.97 for the first (June 17), second (July 9) and third (Au­
gust 5, full silk) samplings, respectively). 
Most investigators have advocated sampling at a definite 
physiological stage of growth but none has used silking dates 
(date when the corn is 50 or 75# silked) as a definite stage 
of maturity of corn. Shaw and Thorn (70, 71) found that the 
length of the growth stage up to 75# silking varies consider­
ably with environmental factors but the length of time from 
this date to physiological maturity is constant and independ-
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eut of environment. None of the published research on time of 
sampling corn leaves has been comprehensive enough to use re­
gressions of nutrient content on deviations from the silking 
date to adjust nutrient contents to a definite physiological 
stage of development such as the 75# silking date. It is not 
known whether deviations in the time of sampling over a week 
or two will contribute appreciably or not to the variance not 
explained by regression in correlation studies of yield or 
yield increases with leaf analysis. 
A problem arises in leaf sampling corn with different 
fertilizer treatments. Dumenil and Shaw (24) found that fer­
tilizers often hasten the maturity (75# silking date) of corn 
from a few days up to two weeks on low-fertility soils. Since 
it is impossible to sample all treatments at their 75# silking 
dates unless silking counts are being made, all treatments 
usually will be sampled at the same time. 
The sensitivity in plant analysis may also vary with the 
chemical fraction of the nutrient analyzed. Most comparisons 
of N have been between total N and nitrate N. Few studies are 
available to make critical comparisons among different frac­
tions of N for use in leaf analysis. Although Clements (18) 
used the total N of the sugar cane leaf blades for his N 
index, Burr (11) indicated that the alcohol-soluble N fraction 
of the stalks varied more with N treatment than did the total 
N and both varied more than the total N in leaf punches. 
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Chapman and Idebig (15) found that the nitrate concentration 
of leaves of orange seedlings varied 18 times while the total 
N increased 2.8 times from different N levels in solution 
cultures. Ulrich (85) found similar, less marked trends in 
sugar beet petioles. Differences among various fractions need 
to be determined in samples from field experiments and cor­
related with yields or yield increases in order to determine 
their relative sensitivities in predictions of yield responses 
to fertilizer. 
Some researchers have claimed that the P soluble in 2% 
acetic acid provides a more sensitive index than total P for 
plant analysis. Ulrich (86) found that the acetic acid-
soluble P in ladino clover petioles reflected the P status 
better than total P did. However, Viets et al. (91) found 
that acetic acid-soluble P in corn leaves was a linear func­
tion of and equal to about two-thirds of the total P over a 
wide range of concentrations. They concluded that the acetic 
acid-soluble P was no better index of P status than total P. 
Hanway and Pesek^  found a similar relationship between the 
two quantities of P in corn leaves. 
In the interpretation of plant analysis, Clements (18) 
has been the only one to use the moisture content of plant 
H^anway, J. J. and Pesek, J. T. Unpublished data. Iowa 
Agr. Exp. Sta. Private communication. 1957» 
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tissue (moisture index) for correlations with growth and 
levels of various nutrients. Since it is difficult to cor­
relate the effect of moisture on plant composition and growth 
from the amount and distribution of rainfall and temperature, 
the relationship of plant moisture to composition may be use­
ful in interpreting the effects of moisture stress on plant 
composition. 
In summarizing the development and use of plant analysis, 
many factors have been shown to effect the relationship of 
plant composition with plant growth and yields or yield re­
sponses. Like soil analysis, plant analysis may save greatly 
in time and labor for diagnostic and prediction purposes. 
When comparing yield response predictions by plant and soil 
analyses, it must be remembered that much attention has been 
given in the past decades to the development and calibration 
of soil tests against field experiments. Little attention has 
been given to plant analysis for this purpose. Few have com­
pared the two methods for predictions of yield responses to 
fertilizer over a range of conditions. Lundegardh's (49) 
method of "triple analysis" included analyses of soil and sub­
soil samples as well as of plants. Later, when he found that 
little information was lost by omitting soil and subsoil anal­
yses, he concentrated his attention on plant analysis. 
Both Mitchell (53) and Lundegardh (49) pointed out that 
the plant composition makes full allowance for the extent to 
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which plant roots penetrate and feed in different soil hori­
zons. This cannot be done with soil analysis alone unless the 
root activity is determined in each horizon. Hanway1 has 
found that the relative contribution to the plants1 nutrition 
from the exchangeable K in each of several horizons can be 
determined by multiple regression analysis. From studies on 
the available P in the subsoil, Hanway^  also found that it 
must be considered in interpreting soil tests. 
Similarly, plant composition will integrate the different 
availabilities of different forms of the nutrient in the soil. 
Bid et al. (26) have shown the contribution of inorganic and 
organic forms of P to plant growth by the use of multiple re­
gression. Likewise, Pratt (63) used multiple regression to 
estimate the contribution of exchangeable and non-exchangeable 
sources to the total K uptake by successive crops of alfalfa 
in pot experiments. 
Black (5) has proposed a method of evaluating the nutri­
ent availability in soils and predicting yield responses from 
fertilization. In this method the availability of one or more 
fractions at several depths would be determined by multiple 
regression using either dry matter yields or total nutrient 
uptake as the measure of plant response. He did not consider 
H^anway, J. J. Unpublished data. Iowa Agr. Exp. Sta. 
Private communication. 1957» 
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the more direct method of correlating yield responses with 
nutrient concentrations in the plants. 
Since nutrient concentrations in the plant may be an 
index to the total availability of the soil nutrients in dif­
ferent horizons and of different chemical forms, the chemical 
composition of the plant may be useful in predicting yield 
responses to fertilizer, either used alone or along with soil 
tests. 
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III. EXPERIMENTAL PLANS AND PROCEDURES 
Research on the direct application of fertilizers to 
corn in Iowa began in 1940 when experiments whose treatments 
were randomly assigned within replicates were initiated to 
determine the yield responses to P and K fertilizer applied 
with a planter attachment. In 1943 research on N fertilizers 
began. The major efforts with corn from 1943 to 1946 were 
directed towards determining profitable rates and ratios of 
hill or row fertilizers and profitable use of nitrogen. Most 
of the experiments with rates during this time involved a 
single variable with a basic, uniform application of the other 
nutrients. 
These first few years of fertilizer experiments with corn 
(small grains and hay, as well) indicated that more informa­
tion was needed on higher rates of all nutrients, effect of 
broadcast P and K fertilizers and effect of various combina­
tions of broadcast and hill or row fertilizers. Experiments 
were started in 1947 using broadcast N, P and K in factorial 
combinations with hill or row fertilizer comparisons on the 
split plots. This type of experimentation has continued with 
emphasis on various combinations to study the interactions 
present and with much more emphasis on rates to characterize 
yield equations more fully. 
At about this same time, increased interest in soil test­
ing began. The yield response data since 1947 has been used 
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widely in making fertilizer recommendations during the past 
decade. 
Corn leaf samples were first taken from an experiment on 
one of the experimental farms in 1947» In 1948, it was de­
cided to collect leaf samples from the outlying fertilizer 
experiments in farmer-coopérators1 fields to determine the 
effect of fertilizers on leaf composition and also to deter­
mine if leaf composition could be used to predict yield re­
sponses to fertilizer. From a small number of experiments 
with N rates in 1950, Bennett et al. (4) reported the first 
study of leaf composition in Iowa. 
A. Experimental Sites, Field Procedures and Yield Estimates 
Since the effect of broadcast P fertilizer on the leaf 
composition and yield of corn was of major interest in 
this study, 120 fertilizer experiments conducted from 1948 
to and including 1956 had P fertilizer as a variable and leaf 
composition data available. Soil test data except for N 
soil tests also were available from these experiments. As 
will be discussed later, the number of experiments or treat­
ments within the experiments was further reduced before final 
analyses. 
These experiments were distributed over the state with 
most of them located in Soil Areas 1, 2, 3» 4, 7 (including 
Missouri bottomlands) and 8 (73)* Information concerning the 
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experimental sites such as the name of the farmer-coop era tor, 
county, year, soil type and past management is given in Table 
40 in the Appendix. Soil types are those as described by 
Simonson et al. (73)• 
The experiments were conducted in farmers' fields. The 
experimental areas were tilled, planted and cultivated as the 
rest of the field except for the addition of the fertilizer. 
The areas varied in size from about one-third of an acre to 
more than one acre. Every attempt was made to locate the area 
in a uniform soil area of the same soil type. The varieties 
were the same as those planted in the rest of the field; con­
sequently, many different hybrids were used. Some of the 
experimental areas were planted at a higher planting rate than 
the rest of the field but in most cases planting rates were 
the same. Stand levels, probably more than any other factor, 
limited yields of the higher rates of fertilizer. 
The experimental designs were mostly randomized complete 
blocks. Most of the designs were NP, NPK and PK factorials 
but several included only P rates. The treatments were 
replicated two to six times. The levels of H, P or K includ­
ing the zero level varied from two to nine in the data re­
viewed. Where experiments included four or more levels of 
two or three nutrients, three levels in the range of the other 
experiments were used; this was done to minimize the number 
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of treatments per experimental site. The experimental designs 
are given in Table 4l in the Appendix. 
At 19 sites, time and methods of application as split-
plot treatments were compared. Data from only the fall 
plowed-under and spring disked-in methods have been included. 
Stand level variables were also included at a few sites, ei­
ther as whole-plot or split-plot treatments. At about one-
third of the sites, a hill or row1 fertilizer treatment was 
applied on the split plots at planting or at emergence. It 
was applied by the farmer's planter attachment at the same 
rate as the rest of the field or by a hand-applicator near 
the hill or drilled beside the seed. Where row fertilizer 
was not included as a variable, most of these sites received 
none although several received a uniform row application over 
the entire experimental area. 
Rates of fertilizer were established by weighing the 
amount to be broadcast on each plot. The sources of ferti­
lizer were ammonium nitrate (33*5-0-0), triple-superphosphate 
(0-45-0) and muriate of potash (0-0-60). The individual 
plots were 13«3 to 20 feet wide (4 to 6 rows) and 40 feet 
long in most cases. The fertilizers were broadcast by hand 
on the plots and either plowed under or disked in afterwards 
hereinafter, a hill or row fertilizer applied with a 
planter attachment or with hand equipment at or soon after 
planting will be referred to as row fertilizer. 
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at most sites, although the nitrogen was side-dressed at the 
time of the first or second cultivation at a few sites. 
Soil samples were taken from the plow-layer at all sites 
before the fertilizer was applied. At least two separate 
samples were taken but one sample per replication was taken 
most frequently. Subsoil samples to a depth of 30 to 36 
inches were also taken at about half of the locations. They 
were usually composited over two replications. Each surface 
and subsoil sample contained 8 to 15 composited sub-samples. 
Tests for pH and available N, P and K were made on the soil 
samples by the Iowa State College Soil Testing Laboratory ac­
cording to the methods described by Hanway (36) and Hanway 
and Heidel (38). The soil test results are given in Table 
4l in the Appendix. 
Corn yields were estimated by harvesting and weighing 
the corn from two rows 25 to 35 feet long. In most cases, 
shelled com samples were taken in the field from individual 
plots and weighed before and after drying at about l45°F. for 
48 hours to determine the moisture content. From the moisture 
of the grain at harvest, yields were then calculated in bush­
els per acre of shelled com at 15«5# moisture (No. 2 corn) 
using a standard conversion table. In a few cases, ear sam­
ples were taken from the individual plots, dried and shelled. 
From the moisture determination on the shelled corn, yields 
were calculated to shelled corn at 15*5# moisture. This lat-
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ter method, although time-consuming, Is the more accurate 
since it compensates fully for differences in shelling per­
centage due to treatment. 
B. Methods of Leaf Sampling and Chemical Analysis 
From 15 to 20 leaves (blade only) were removed from each 
plot in the experiments. The leaf selected for sampling was 
the first one below and opposite the primary ear shoot. Ac­
cording to Tyner1 s (8l) description and photograph, this leaf 
was the seventh leaf from the base of the stalk. The leaves 
were randomly selected except that leaves showing mechanical 
damage were avoided as much as possible. The greatest cause 
of damage was corn borer which chewed the midrib at the junc­
tion of the blade and sheath, often causing the leaf to 
break at this point and hang down along the stalk. This 
damage occurred most frequently on the row fertilizer, P and 
NP treatments ; these received a higher infestation of com 
borers because of advanced maturity. It was difficult, some­
times impossible, to get undamaged samples in some fields. 
It is not known how much the com borer damage affects the 
leaf composition, particularly treatment differences; likewise, 
this damage is also another unevaluated source of variation 
in yields. Other damage was splitting of the leaves by wind 
and, occasionally, some slight hall damage. 
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Host of the leaf samples were taken within 10 days of 
the 75# silking date. In a few fields, primarily in 1948 and 
1953, the leaves were sampled up to two weeks after 75% silk­
ing. A few fields or treatments also were sampled before 75% 
silking. All treatments in an experiment were sampled on the 
same date. Theoretically, it would be desirable to sample all 
treatments in all experiments at a definite stage of maturity 
such as the 75% silking. This stage is easier to identify 
and better characterizes the stage of maturity than 100$ silk­
ing. Silk emergence with time usually does not follow a normal 
distribution since emergence increases rapidly at the begin­
ning but tails off more slowly at the end of the silking 
period. However, it is impossible to sample each treatment 
in widely scattered experiments at the same stage of develop­
ment unless silking counts are being taken. The different 
stages of maturity of different experiments in an area, treat­
ment effects on maturity from a few days up to two weeks on 
extremely nutrient-deficient fields and the competition from 
other work all contributed to the deviations in sampling times 
from the ideal time. 
Considering the stage of development of all fields, the 
results from this study should best apply to com leaf samples 
taken during the week immediately following 75% silking. 
Since N percentages in the leaf decrease with time, regression 
equations of N percentage as a function of time can be deter­
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mined and used to adjust N levels to a constant maturity 
stage. Since P levels In the leaf appear to remain nearly 
constant from first silking to about 10 days after silking, 
variations in time of sampling within this period may have 
little effect on the results. 
The leaf samples were air-dried within one to three days, 
later ground in a Wiley mill and stored in glass bottles for 
analysis. Total N, P and K in the leaves were determined in 
the Soil Fertility Laboratory1. Before analysis, the samples 
were dried at 65°C. for 24 hours. The Kjeldahl method was 
used for total N using mercuric oxide as a catalyst in the 
digestion with sulfuric acid. A 2-gram sample was used. In 
the P and K determination, a 0.5 gram sample was ashed in a 
muffle furnace at 400°C. The sample was then dissolved in 
nitric acid and made to volume. From an aliquot, P was de­
termined by a modified Kitson and Mellon (43) procedure. The 
K was determined from another aliquot of solution with a 
Perkin-Elmer flame photometer using a solution of LiNO^  as an 
internal standard. All results are reported as percentages 
of total N, P and K in the leaves on an oven-dry basis. 
?^he analyses were made under the direction of Dr. J. J. 
Hanway according to procedures modified by him for use in 
these studies. 
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C. Statistical Procedures 
The plot yields and stand levels of all experiments were 
analyzed by analysis of covariance according to Snedecor (74) 
and Cochran and Cox (20). Treatment yields in each experi­
ment were adjusted to a mean stand level except in cases 
where fertilizer treatment had a significant effect on the 
stand levels• 
The nutrient percentages were determined in the leaves 
from all of the treatments in each replication. Analysis of 
variance of treatment effects upon the nutrient percentages 
was not run. Therefore, unlike the mean treatment yields, 
the mean treatment nutrient percentages have not been adjusted 
to a mean stand level. 
From the 120 fertilizer experiments, the data were 
selected to meet certain conditions as discussed in the next 
section. The yield and leaf composition means of the N and 
P fertilizer treatments from 93 experiments were used in the 
preliminary investigations and in the multiple regression 
analyses. There were 574 observations or treatment means in­
cluded in the regression analyses for the percent P and yield 
and 474 observations included in the regression analyses for 
the change in percent p and change in yield. Since the rela­
tionships studied in the preliminary investigations involved 
certain N and/or P fertilizer treatments, the number of ob­
servations varied among the different regressions. 
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For the multiple curvilinear regression analyses, the 
data for all the variables associated with each treatment of 
each experiment were punched on IIM cards. The summary 
computations were done by the IEM 650 Computer by the Iowa 
State College Statistical Laboratory1. In the initial calcu­
lations, the machine calculated all the sums of squares and 
cross products corrected to the means, correlation coeffi­
cients, totals and means. The sums of squares and cross 
products of the selected variables then were punched on IEM 
cards and the matrix inverted by the IBM Computer. The 
partial regression coefficients also were calculated by the 
IBM 650 Computer and included in the output along with the 
inverse matrix. The standard errors of the partial regression 
coefficients, t tests of the regression coefficients and tests 
of significance of the reduction in residual error due to re­
gression were calculated according to the methods given in 
Anderson and Bancroft (1). The final step was to determine 
the regression equation. 
!^he author aknowledges the assistance of Dr. B. H. Jebe 
of the Statistics Department under whose supervision the re­
gressions were calculated. 
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IV. RESULTS AND DISCUSSION 
A. Selection of Data for Regression Analyses 
Many factors affecting the N and P contents in the corn 
leaf and corn yield responses to N and P fertilizers were ap­
parent in the large number of experiments. In order to limit 
the number of variables involved in the multiple regression 
analyses to the problems of primary interest, the data were 
selected to meet the following restrictions: (1) the K level 
was adequate in most cases and not seriously limiting yields, 
(2) drouth or insect damage was not seriously limiting yields 
and (3) only broadcast treatments without row fertilizer were 
used. Why these restrictions were made and which data were 
selected are discussed in the following paragraphs. 
1. Adequacy of K 
The relationships among N and P contents in the corn leaf 
and the responses to N and P fertilizer were affected markedly 
by K deficiency in several of the experiments. Since many of 
the experiments on the soils low in K included a K fertilizer 
variable, the magnitude of the yield responses to K indicated 
the degree of K deficiency. The K content in the com leaves 
also indicated the degree of K deficiency present in the vari­
ous fertilizer treatments. An approximate guide was the 
critical level of K in the corn leaf of 1.30# K on an air-dry 
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basis (about 1.4# K on an oven-dry basis) suggested by Tyner 
(81). 
In 35 of the experiments where the soil tested medium to 
high in K, a K variable was not included and no uniform, basic 
K application was made. The K levels in the leaf were above 
the critical level in almost all cases and it was assumed that 
K was not limiting responses to N and P. 
In 43 experiments where a K variable was included there 
were no interactions between K fertilizer and the other nutri­
ents on yield and no apparent ones on leaf composition. Most 
of these showed only a small or no yield response to K and the 
leaf K contents were mostly at or above the critical level. 
The yields and leaf contents of the N and P treatments were 
averaged over all K levels, assuming additive effects of the 
N and P combinations and the K fertilizer. This doubled or 
tripled the observations per treatment mean. 
A uniform K application was made on 11 experiments* All 
except four had leaf K levels above the critical level and 
only one was considerably below the critical level. This one 
(Experiment 55) was included although K may have been limiting 
yields somewhat. The data from this and other experiments are 
shown in Table 1. 
Five experiments which were not complete factorials had 
leaf K levels below the critical level. Of the three experi­
ments included, the responses to K were small. Since suf-
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Table 1. Effects of K fertilizer on the yield and leaf 
composition responses due to N and P fertilizer 
treatments 
Expt 
tmt. no. 
and 
b 
Fertilizer treatment* 
N P205 KgO 
Yield 
(bu./A.) 
Leaf composition 
%T$ %T J K ~ ~  
55-1 
2 
I 
I 
84-1,2 
n 
9,10 
11,12 
0 
40 
80 
0 
40 
80 
0, 60 
0, 60 
0, 60 
0, 60 
0, 60 
0, 60 
112-1-3 0, 40, 80 
4—6 0, 40, 80 
7-9 0, 40, 80 
10-12 0, 40, 80 i 
9,10 
11,12 
120-1 
2 
I 
I 
I 
0, 60 
0, 60 
0, 60 
0, 60 
0, 60 
0, 60 
0 
150 
0 
150 
0 
150 
0 
150 
o 
o 
0 
80 
80 
80 
0 
60 
0 
60 
0 
60 
0 
40 
0 
40 
0 
60 
0 
60 
0 
60 
0 
0 
90 
90 
0 
0 
90 
90 
60 
60 
60 
60 
60 
60 
0 
0 
30 
IS 
60 
0 
0 
40 
40 
0 
0 
30 
30 
60 
60 
0 
0 
0 
0 
90 
90 
90 
90 
66.8 
68\l 
78.2 
87.6 
94.5 
58.8 
76.8 
SS:8 
75.0 
82.8 
105.2 
112.5 
117.0 
119.4 
78.8 
90.4 
86.6 
89.3 
91.7 
97-8 
88.3 
83 
§1:8 
91.4 
76.9 
123.9 
2.16 
2.20 
2.51 
2.08 
2.32 
2.54 
3.04 
2.93 
2.99 
2.90 
2.91 
2.86 
3.01 
2.91 
2.79 
2.83 
3.08 
3.19 
3.06 
3.22 
3.16 
3.03 
2.48 
2.76 
2.2 7 
2.70 
2.48 
2.63 
2.18 
2.65 
.205 
.212 
.221 
.263 
.278 
.303 
.249 
.274 
.244 
.270 
.242 
.257 
.258 
.269 
.254 
.266 
.251 
.278 
.261 
.286 
.282 
.277 
.208 
.200 
.206 
.248 
.205 
.206 
.210 
.250 
1.04 
1.11 
1.15 
0.99 
0.87 
0.96 
0.92 
0.83 
0.98 
0.96 
1.18 
1.28 
1.04 
1.07 
1.18 
1.18 
i:S 
1.66 
1.68 
1.81 
1.76 
1.22 
1.06 
0.86 
1.02 
1.42 
1.58 
1.60 
1.41 
*Rates of N, PgO^  and KgO in pounds per acre. 
**Two or three treatment numbers together show that P and 
K treatments were averaged over all N levels. 
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Table 1. (Continued) 
tmt* no• N p2°5 KgO (bu./A.) *P 
82-1,2 0, 60 0 0 60.2 3.29 .238 0.82 0, 60 60 0 68.2 3.33 .296 0.79 
5*6 0, 60 0 30 78.8 3.11 .234 1.08 
7,8 0, 60 60 30 95.8 3.20 .304 0.98 
9,10 o! 60 0 60 82.2 3.14 .228 1.24 
11,12 0, 60 60 60 105.0 3.19 .294 1.17 
45-lc 0 0 0 55-3 3.02 .219 0.71 
2 0 40 0 59-3 3.10 .317 0.57 
3 0 80 0 51-3 3.07 .358 0.74 
4 0 0 40 90.7 3.09 .219 1.13 
5 0 40 40 101.7 2.99 .271 0.98 
6 0 80 40 103.0 3.12 .313 1.05 
7 0 0 80 91.0 2.99 .225 1.35 
8 0 40 80 111.7 2.85 .260 1.29 
9 0 80 80 114.7 3.06 .283 1.27 
1 0 0 0 55-3 3.02 .219 0.71 
2 0 40 0 49.0 3.10 .293 0.63 
3 0 80 0 57.0 3.07 .333 0.69 
4 0 0 40 97-3 3.09 .215 1.13 
5 0 40 40 93.7 2.99 .273 0.95 
6 0 80 40 93-3 3.12 .303 0.82 
7 0 0 80 91.3 2.99 .215 1.35 
8 0 40 80 104.7 2.85 .248 1.23 
9 0 80 80 102.3 3.O6 .260 1.11 
°First 9 treatments were broadcast and plowed under; 
second 9 treatments were broadcast and disked in. 
ficlent treatments with K fertilizer were not included to ob­
tain the N and P effects with K, the N and P fertilizer treat­
ments without K were used. 
Of the remaining 26 experiments, all of which had a K 
variable, the yields and leaf contents of the N and P treat­
ments at one or more levels of K fertilizer were used because 
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of NK, PK, or NPK interactions. In these, the yield response-
leaf composition relationship was different at the various K 
levels. In three fields, Experiments 78 to 80, where the K 
levels in the soil and leaf were high, the N and P treatments 
at Kq1 or averaged over Kq and were used because of nega­
tive PK interactions. In five experiments where K levels were 
low, the N and P treatments without K were used because of 
negative PK interactions. The cause of most of these negative 
interactions probably was due to another limiting factor, in­
adequate stand level, which prevented the responses to P and 
K from being additive. The data from two of these, Experi­
ments 84 and 112, are also shown in Table 1. Although K fer­
tilizer usually decreased the leaf P content in the low-K 
fields, there was an exception in Experiment 87 in which a 
negative PK interaction occurred because the K fertilizer in­
creased the leaf P content (Table 1). 
In 18 experiments which were on K-deficient soils, posi­
tive NK, PK or NPK interactions occurred. The N and P ferti­
lizer effects were smaller without K (or negligible in extreme 
cases) than with K fertilizer. The yields and leaf composi­
tion of the N and P treatments with K fertilizer then were 
used. The data from Experiment 120 are shown in Table 1 to 
illustrate a positive NPK interaction on yield. Where three 
•^ Subscripts 0, 1 and 2 to the elemental symbols refer to 
the 0, 1st and 2nd levels of the element, respectively. 
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levels of K were present, the yields and leaf contents of the 
N and P treatments were averaged over the two rates of K fer­
tilizer in most cases. The initial rate usually raised the 
leaf K level to or above the critical level or the responses 
to N and P were not much different at the two rates of K. 
The data from Experiment 82 in Table 1 illustrate a positive 
PK interaction. In four fields, three of which had a basic 
row application, the N and P treatments at the highest K level 
were used. The data from Experiment 45 in Table 1 illustrate 
the marked, positive PK interaction on yields and the effect 
of methods of application on this interaction. 
The K level (or levels) of the N and P treatments are 
given in Table 4l in the Appendix. The yields and N and P 
contents in the leaf of the treatments in each experiment used 
in the final regression analyses are given in Table 42 in the 
Appendix. 
2. Drouth and other effects 
The selection of experiments where drouth was not seri­
ously limiting yields was difficult since there was no way to 
establish adequately the occurrence of drouth at any particu­
lar experimental site. Since summer rainfall often has not 
been uniform within an area, rainfall records at a nearby 
weather station usually were inadequate for any particular 
site. It would have been preferable, of course, to enter 
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weather variables into the regression equations. In most 
recent years, there have been areas in the state where lack 
of moisture at certain times during the growing season limited 
yields and responses to fertilizer. Therefore, the data were 
not restricted too severely with regard to drouth effects 
since the results of this study are to be applied to the 
majority of conditions and years. 
Generally, dry weather reduced yields and the uptake of 
nutrients, particularly that of N, from the fertilizers. The 
experiments that were excluded because of severe drouth ef­
fects were Experiments 75» 76, 95, 96, 97, 105, 106, 108, 
117, and 118. The yields and leaf composition of the treat­
ments from these experiments are given in Table 43 in the Ap­
pendix. Others which were affected somewhat by drouth but 
not excluded were Experiments 15, 16, 49, 72, 78 and 79. 
Corn borer damage was particularly severe in Experiment 
22 which was eliminated. Others had varying amounts of com 
borer damage but none was eliminated. Two, Experiments 52 
and 76, had severe rootworm damage which was accentuated by 
drouth; the data from these were not used. Three, Experiments 
4l, 80 and 104, were eliminated because of high soil varia­
bility, little of which was eliminated by the replications. 
The data from all of these experiments are given in Table 43 
in the Appendix. 
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3« Row fertilizer effects 
A row fertilizer variable was included in 42 experiments. 
Most of the row fertilizers were complete N, P and K ferti­
lizers although a few contained only N and P. The average 
rate per acre supplied 6.1, 24.4 and 19.8 pounds per acre of 
N, P20ç and KgO, respectively. The average responses were 
9*7 bushels per acre and -0.06# N, 0.003# P and 0.04# K in 
the corn leaves. 
Although the average responses of the N, P and K percent­
ages in the leaf to row fertilizer application were small, 
the relationships between the yield response to row fertilizer 
and the leaf N and P contents were investigated. These rela­
tionships were studied on the treatments without broadcast N 
or P fertilizer (NQPQ treatments). 
There was no relationship between the yield response to 
row fertilizer and initial percent P in the corn leaf as shown 
in Figure 1. The correlation between the response to row 
fertilizer and soil test P level in the plow-layer was nega­
tive but not significant at the 5# level"1" (Figure 2). There 
was no relationship between the response to row fertilizer 
hereinafter, the .05 or .01 significance probability 
level, Anderson and Bancroft (1), will be designated as the 
5# or 1# level. The terms "significant" and "highly signif­
icant" refer to the 5# and 1# level, respectively. In the 
tables and figures, these levels will be designated by * and 
**, respectively. 
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and the change in percent P in the com leaf due to row fer­
tilizer application (Figure 3)» The lack of increase in leaf 
P due to row fertilizer in these experiments agrees with the 
results of Webb1. A negative relationship, but not significant 
at the 5% level, existed between the response to row ferti­
lizer and change in percent N due to row application (Figure 
4). However, the effects of the individual nutrients were 
confounded in all of these comparisons. Eliminating four of 
the largest responses which were due in part to K might have 
changed the relationships considerably. 
It appears that leaf composition at time of silking will 
not be useful to determine the effects of row fertilizer ap­
plied with a split-boot attachment or to predict its effect 
on yield. 
Of more interest in these experiments is the effect of 
2 
row fertilizer on the relationship between the yield response 
W^ebb, J. R. Unpublished data. Iowa Agr. Exp. Sta. 
Private communication. 1957* 
o 
The yield or leaf composition response to broadcast P 
without or with N fertilizer is the difference between the 
NqPj, and the NqPq treatments (NQPr - NqPq) or the difference 
between the -NrPr and corresponding NpP0 treatments (NpPr -
NrP0), respectively. Conversely, the response to N fertiliz­
er without or with P fertilizer is I^ Pq-NqPq or NrPr-N0Pr, re­
spectively. The subscript "r" refers to all rates (all levels 
except the zero level) of the fertilizer nutrient. The re­
sponses to N and P include those to all rates unless the re­
sponses to individual rates or levels are designated. In the 
figures and tables, NQ and Np or PQ and Pr designate without 
(footnote continued on following page) 
83 
O 
I-
UJ (/) 
30 
m 
20 
O 
Û-5 10 
cn0 
LU OC 
<r n 
Figure 3 
1 1 1 1 1 i i 1 1 1 
Y = 9.6 +42.7X 
' r = +.0 7 •• 
• • 
- n = 43 
-
< 
• ' 
# 
* • 
i 
i -
• 
1 1 1 1 !•• 
1 
*
-
[>
•
 
"
 
.04 -.04 -.02 0 .02 
A % P  
Regression of corn yield response to row fertilizer 
on the change in percent P in the corn leaf due to 
row fertilizer 
0^30 
*-< 
UJ 20 
C> 
£L$ 10 U)0 
S" 0 
I I 1 1 I A1 1 1 1 « 
Y =9.0-12.5 X " 
• 
-
r = -.22 
n « 43 
• 
- • • 
— 
• • 
• • 
• • • • E 
#*» 
1 1 1 I* 1 
• I I I I I ... 
-.40 -.20 0 .20 .40 
A %  N  
Figure 4. Regression of corn yield response to row fertilizer 
on the change in percent N in the corn leaf due to 
row fertilizer 
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to broadcast P and the percent P in the corn leaf. These 
relationships are shown in Figure 5 (without N) and Figure 6 
(With N fertilizer). The linear regression equations without 
and with row fertilizer indicated similar slopes but different 
elevations at each of the N levels. The mean yield responses 
to P without N were 5*9 and 2.3 bushels per acre without and 
with row fertilizer, respectively. With N, the responses to 
P were 8.7 and 5-5 bushels without and with row fertilizer, 
respectively. 
The differences between the regression coefficients and 
adjusted means of these relationships were tested according 
to the method1 given by Snedecor (74). These tests are shown 
(Footnote continued from preceding page) 
and with N fertilizer or without and with P fertilizer, re­
spectively. The "r" used as a subscript should not be con­
fused with the correlation coefficient, r. 
L^inear regressions may differ in variance, slope and 
elevation. Homogeneous variance will be assumed in the rela­
tionships. The difference between or among the slopes of the 
regressions are tested as follows: (1) the degrees of freedom 
and the sums of squares of the deviations from regression of 
the individual regressions are pooled to obtain the "Within" 
sum of squares, (2) the sums of squares and products of the 
individual regressions are pooled to form a "Common Regression" 
whose slope is the weighted average of the slopes of the in­
dividual regressions, (3) the difference between the "Common" 
and "Within" sums of squares measures the difference between 
or among the individual regression coefficients and (4) the 
test of the hypothesis that the regression coefficients are 
equal is made by comparing the ratio of the mean square for 
"Regression Coefficients" to the mean square for "Within" with 
the tabular F at the appropriate degrees of freedom. 
The test of the difference in the elevation of the re-
?ression lines may have little meaning unless the lines are footnote continued on following page) 
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in Table 2. There was no significant difference between the 
regression coefficients either without or with N. Without N, 
the adjusted means of the responses to P, without and with 
row fertilizer, were significantly different at about the 2# 
level. With N, the adjusted means were not significantly 
Table 2. Tests of significance between the regression co­
efficients and the adjusted means in the relation 
ships between response to P and percent P in the 
com leaf, without and with row fertilizer 
Regressions Source of variation d.f. M.S. F 
Without N Within 96 48.28 
(Figure 5) Reg. Coef. 1 3-30 0.07 
Common 97 47.81 
6.43* Adj. Means 1 307.25 
With N Within 128 49.79 
(Figure 6) Reg. Coef. 1 t 7.29 0.15 
Common 129 49.46 
Adj. Means 1 152.70 3.09* 
aSignificant at the 8.5# level. 
different at the 5# level but were different at the 8.5# 
level. The row fertilizer had little effect on the leaf P 
content but did reduce the response to broadcast P fertilizer 
at any leaf P level. 
(Footnote continued from preceding page) 
parallel. The difference between the "Total" sum of squares 
(all of the samples combined) and the "Common" sum of squares 
is the sample difference in elevation, the "Adjusted Means". 
The test of the hypothesis that the regression lines have 
the same elevation is made by comparing the ratio of the mean 
square for "Adjusted Means" to the mean square for "Common" 
with tabular F at the appropriate degrees of freedom. 
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Since the presence of row fertilizer affected the rela­
tionship between the yield response to broadcast P fertilizer 
and leaf P composition, the row fertilizer treatments from 
the experiments which had this variable and the experiments 
which had a uniform row application were omitted from the 
multiple regression analyses. The experiments with uniform 
row applications were Experiments 13, 32, 44, 48, 69, 70, 92, 
100, 103 and 11$. The data from the treatments with row fer­
tilizer and the experiments with a uniform row treatment are 
given in Table 43 in the Appendix. 
B. Preliminary Examination of the Relationships 
It was necessary to determine the simple relationships 
among the various factors and the P composition of the com 
leaf, the corn yields and the yield responses before formu­
lating the mathematical models for the regression analyses. 
First, the simple linear correlation coefficients and regres­
sion equations were calculated for many of the relationships. 
Next, the approximate relationships were determined by the 
method of "successive group means"1 according to Ezekiel (29). 
4rhe range of the observations of the X variable was 
arbitrarily divided into successive groups or sub-ranges. 
From the observations within each of the groups, the means of 
the X variable and associated 7 variable were calculated. 
These means were plotted in the figures so that they could be 
compared with the linear regression. The limits of the groups 
of the different X variables are uniform in most of the fig­
ures. The group limits are marked in the figures by lines on 
the X-axis ; wide lines are used if lines marking the units of 
(footnote continued on following page) 
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The deviations from linear regression in the relationships 
thus could be visually estimated. Most of the relationships 
were determined without and with N or P fertilizer in order 
to determine the nature and extent of the interactions among 
the fertilizers and the other factors. 
1. Change in percent P 
Although the regression of corn yield response to N and 
P fertilizers on the composition of the com leaf is of most 
interest in this study, the effects of fertilization on the 
leaf composition also must be understood. The importance of 
understanding the factors affecting the leaf P content is 
emphasized by the high correlation between the yield response 
to P fertilizer and the change in the leaf P content due to 
P fertilization. 
The regressions of the yield response to P on the change 
in the percent P in the com leaf due to P fertilizer were 
positive and linear (Figure 7)• The mean yield responses to 
P without and with N fertilizer were 6.8 and 14.9 bushels per 
acre, respectively. The mean changes in percent P due to P 
(Footnote continued from preceding page) 
the X variable are also present. In the interpretation of 
these group means, it must be remembered that the selection 
of the sub-ranges may influence the apparent shape of the 
curve and that unequal frequencies of the observations within 
the groups, particularly at the extremes, may cause an ap­
parent lack of agreement with the linear regression. 
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fertilizer without and with N were 0.024 and 0.042# P, re­
spectively. These highly significant differences in the re­
sponses to P fertilizer without and with N show a NP ferti­
lizer interaction on both the yield response and the change 
in leaf composition. 
The difference between the regression coefficients with­
out and with N, as shown in Figure 7, was highly significant 
but the difference between the adjusted mean responses to P 
without and with N was not significant (Test 1, Table 3). 
The difference between the regression coefficients indicates 
that the yield response to P is somewhat larger at an equal 
change in the leaf P content in the presence than in the ab­
sence of N fertilizer. The nonsignificant difference between 
adjusted yield response means but significant difference be­
tween unadjusted response means, without and with N, indicates 
that the NP interaction on yield response is due mostly to the 
greater uptake of P from the P fertilizer rather than to the 
larger yield response at a constant change in the leaf P. 
The following factors affecting the change in the leaf P 
content were investigated: the P and N availability in the 
soil, P and N fertilizer levels, NP fertilizer interaction, 
interactions of N and P fertilizers with the N and P avail­
abilities in the soil, stand level and methods of P fertilizer 
application. 
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Table 3* Tests of significance between or among the regres­
sion coefficients and adjusted means in the rela­
tionships involving the change in the percent P 
in the corn leaf due to P fertilizer 
Test Regressions of Source of 
variation 
d.f• M.S. 
1. 
2 .  
4. 
Response to P on 
change in percent P, 
at Nq and Np (Fig. 7) 
Change in percent P 
on Check percent P, 
at N0 and Nr (Fig. 8) 
Change in percent P 
on Check percent P 
and percent P of the 
NrPQ treatment, at Np 
Change in percent P 
due to different P 
rates on the percent 
P of the HrP0 treat­
ment, at H_ (Fig. 9) 
5« Change in percent P 
on soil test P, at 
N0 and Nr (Fig. 10) 
6. Change in percent P 
on Check percent N. at 
N0 and Nr (Fig. 11) 
7. Change in percent P 
on Check percent N 
and percent N of the 
N Pq treatment, at N 
Within 318 70.0 
Reg. Coef. 1 533*5 7.6** 
Common 319 71.5 
Adj. Means 1 172.2 2.41 
Within 318 .00078 
Reg. Coef. 1 .01154 14.7** 
Common 319 .00082 
Adj. Means 1 .02116 25.8** 
Within 422 .00083 
Reg. Coef. 1 .00113 1.36 
Common 423 .00083 
Adj. Means 1 .00032 0.38 
Within 205 
Reg. Coef. 3 
Common 208 
Adj. Means 3 
.00053 
.00648 12.2** 
.00062 
.00984 15.9** 
.00066 
.06137 93.5** 
Within 318 
Reg. Coef. 1 
Common 319 .00085 
Adj. Means 1 .02003 23.6** 
Within 318 .00104 
Reg. Coef. 1 .00476 4.59* 
Common 319 .00105 
Adj. Means 1 .02310 22.0** 
Within 422 .00123 
Reg. Coef. 1 .00689 5.60* 
Common 423 •00124 
Adj. Means 1 .00261 2.09 
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The P availability in the soil was estimated from the 
Check percent P in the corn leaf or from the percent P in 
the leaf of the NJPq treatment and from the soil test P in 
the plow-layer and subsoil. A single value for the soil test 
P in the subsoil was obtained by averaging the test values 
from the soil layers between 1 and 2 and 2 and 3 feet. Sub­
soil samples were taken in about half of the experiments and 
values were estimated from soil type means for the rest. The 
soil test P in the subsoil has been found to be fairly uniform 
within soil types . Since a knowledge of the P availability 
in the subsoil has been necessary to predict yield responses 
to P fertilizer from the soil test P in the plow-layer, the 
importance of the subsoil P availability was considered great 
enough to include it as a variable although it had to be esti­
mated in many cases. If the subsoil P is not included as a 
variable, the data might have to be grouped within a soil as­
sociation area (or areas) for the regression analyses. 
The change in the percent P due to P fertilizer and the 
Check percent P in the corn leaf were negatively and signif­
icantly correlated and the relationship appeared to be linear 
without N but curvilinear with N fertilizer (Figure 8). The 
H^ereinafter, the percent P or percent N in the corn leaf 
of the NQPQ treatment will be designated as Check percent P 
or Check percent N. 
%anway, J. J. Unpublished data. Iowa Agr. Exp. Sta. 
Private communication. 1957* 
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correlation between the two was considerably higher with N 
than without N fertilizer. The highly significant difference 
between the slopes of the regressions without and with N (Test 
2, Table 3) indicates a N fertilizer x Check percent P inter­
action on the change in percent P due to P fertilizer. The 
difference in the adjusted means without and with N shows a 
NP fertilizer interaction on the change in percent P due to 
P fertilizer. 
Since the percent P in the com leaf at the N^ Pg treat­
ment also can be considered as an estimate of the P avail­
ability in the soil when N fertilizer is present, the regres­
sion of the change in the percent P due to P fertilizer on the 
A 
percent P at NpPq was also determined and was: Y = 0.149 -
0.456X. This relationship was not significantly different 
from the one between the change in percent P, with N ferti­
lizer, and Check percent P (Test 3, Table 3)• The change in 
percent P is more highly correlated with the percent P at 
NrP0 (r = - 0.66**) than with the Check percent P (r = -0.56**) 
because the effect of the N fertilizer on the change in the 
percent P in the leaf is included in the former but is not 
included in the latter relationship. 
The regressions of the change in percent P in the com 
leaf due to different rates of P fertilizer on the percent P 
at the NjJPq treatment are shown in Figure 9» The differences 
among the regression coefficients and the adjusted means of 
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leaf due to rates of P fertilizer on the percent P 
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the change in percent P were highly significant among the 
various P rates (Test 4, Table 3)• The highly significant 
differences among regression coefficients, which show that 
the effect of different P rates on the change in the percent 
P varies with the initial leaf P level, indicate a P ferti­
lizer x initial percent P interaction on the change in percent 
P due to P fertilizer. 
The change in the percent P in the com leaf due to P 
fertilizer and the soil test P level, without and with N fer­
tilizer, were significantly and negatively correlated (Figure 
10). The relationship appeared to be linear without N but 
curvilinear with N fertilizer. The highly significant dif­
ference between the regression coefficients (Test 5> Table 3) 
indicates a N fertilizer x soil test P interaction on the 
change in percent P due to P fertilizer. 
Without N fertilizer, the correlation between the change 
in percent P and soil test P (r = -0.37**) was higher than the 
one between the change in percent P and leaf percent P (r = 
-0.27**)• With N fertilizer, the coefficients of determina-
2 tion, r , of the change in percent P on soil test P, Check 
percent P in the leaf and percent P in the leaf at NpP@ were 
0.25, 0.31 and 0.43, respectively. The coefficients of de­
termination probably overestimate the differences among these 
relationships since the relationship of the change in percent 
P in the leaf with the soil test P appears to be more curvi-
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linear than the ones with the initial percent P in the leaf. 
The comparison of leaf P and soil test P for predicting the 
change in the percent P in the leaf due to P fertilizer shows 
little difference between the two methods if the Check percent 
P in the leaf is used. If the effect of N fertilizer on the 
percent P is known or can be estimated, the change in the 
percent P may be predicted with more precision from the leaf 
P than from the soil test P. 
Since N soil tests were not available from all the ex­
perimental sites, the N availability in the soil had to be 
estimated from the Check percent N in the com leaf. On the 
fertilized treatments, the percent N in the leaf also indi­
cated the additional effects of the N and P fertilizers. 
There was no relationship between the change in percent 
P due to P fertilizer and the Check percent N in the leaf 
without N fertilizer, but the relationship between the two 
was negative, linear and significant with N fertilizer (Fig­
ure 11). The significant difference between the regression 
coefficients without and with N (Test 6, Table 3) indicates 
a N fertilizer x Check percent N interaction on the change 
in percent P due to P fertilizer. If the Check percent N in 
the leaf reflects the N availability in the soil, there is a 
N fertilizer x available soil N interaction on the change in 
the percent P. 
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With N fertilizer, there was a closer relationship be­
tween the change in percent P on the percent N in the leaf of 
the NpP0 treatments (Y = 0.149 - 0.0398%, r = -O.32**) than 
between the change in percent P on the Check percent N (r = 
-0.19**). There was a significant difference between the 
regression coefficients of these two relationships (Test 7, 
Table 3)• Since the change in percent P of the individual 
observations was related to either the Check percent « or the 
percent N of the NpPq treatments in the two relationships, the 
difference between the two regressions probably is due only 
to the more narrow range in the percent N observations at 
NpP0 than at NqPq. 
The regressions of the change in percent P on the percent 
N in the leaf without and with N also may indicate a three-
factor interaction among N and P fertilizers and available 
soil N on the change in percent P in the leaf due to P ferti­
lizer. If the level of leaf N is due to both soil and ferti­
lizer N, the increase in percent P due to P fertilizer is 
larger than it is at the same level of leaf N due only to the 
soil N. 
In the preceding relationships, the Check percent N or 
the percent N in the leaf of the NrP0 treatments was used. 
The relationships would be somewhat different if the percent 
N in the leaf of the BUP,, or N„P_ treatments were used because u r r r 
of the effect of P fertilizer on the percent N in the corn leaf. 
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The change in the percent N in the leaf due to P ferti­
lizer and the leaf P level were significantly and positively 
correlated without N fertilizer but were significantly and 
negatively correlated with N fertilizer (Figure 12). The re­
lationships tended to be curvilinear at the lower leaf P 
levels. The significant difference between the regression co 
efficients (Test 1, Table 4) indicates a N fertilizer x leaf 
Table 4. Tests of significance between the regression co­
efficients and adjusted means in the relation­
ships involving the change in the percent N in 
the corn leaf due to P fertilizer 
Test Regressions of Source of 
variation 
d.f • M.S. F 
1. Change in the percent 
N on percent P, at Nn 
and Nr (Figure 12) 
Within 
Reg. Coef. 
Common 
Adj. Means 
318 
1 
319 
1 
.0203 
.5951 
.0221 
•3049 
29.3** 
13.8** 
2. Change in the percent 
N on percent N, at Nft 
and Nr (Figure 13) u 
Within 
Reg. Coef. 
Common 
Adj. Means 
318 
1 
319 
1 
.0212 
.2922 
.0221 
.3046 
13.7** 
13.7** 
X 
P level interaction on the change in the percent N in the lea 
due to P fertilizer. 
The relationships between the change in the percent N 
due to P fertilizer and the leaf N level, without and with N 
fertilizer, showed similar, but less marked trends (Figure 13 
than the ones between change in leaf N and leaf P level. The 
significant difference between the regression coefficients 
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indicates a N fertilizer x leaf N level interaction on the 
change in leaf N due to P fertilizer (Test 2, Table 4). 
Although P fertilizer has affected the leaf N level only 
to a limited degree, except at the low N and P leaf levels, N 
fertilizer often has affected the P leaf levels markedly. 
The NP fertilizer interaction which affected the change in the 
leaf P level due to P fertilization, as has been shown in the 
previous discussion, also markedly influenced the effect of 
N fertilizer on the leaf P level. The change in the percent 
P in the corn leaf due to N fertilizer was correlated with the 
leaf P and N levels, soil test P, the yield response due to 
N, rates of N and P fertilizer and the availability of the 
subsoil P. 
The relationship between the change in the percent P due 
to N fertilizer and the percent P in the leaf was significant, 
negative and appeared to be linear without P fertilizer, but 
it was highly significant and appeared to be curvilinear with 
P fertilizer (Figure 14). The highly significant difference 
between the regression coefficients without and with P (Test 
1, Table 5) indicates a P fertilizer x leaf P interaction on 
the change in percent P due to N fertilizer. The difference 
between the adjusted means shows the presence of a large 
positive NP fertilizer interaction on this change in the leaf 
P. 
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Table 5* Tests of significance between the regression co­
efficients and adjusted means in the relation­
ships involving the change in the percent P in 
the corn leaf due to N fertilizer 
Test Regressions of Source of 
variation 
d.f. M.S. 
1. Change in percent P on 
the percent P, at PQ 
2 .  
4. 
and P_ (Figure 14) 
Change in percent P on 
the percent N, at Pn 
and P (Figure 15) 
Change in percent P on 
soil test P, at Pn and 
P (Figure 16) 
Within 293 
Reg. Coef. 1 
Common 294 
Ad j. Means 1 
Within 293 
Reg. Coef. 1 
Common 294 
Ad j . Means 1 
Within 293 
Reg. Coef. 1 
Common 294 
Ad j. Means 1 
Change in percent P on Within 
yield response to N, at Reg. Coef. 
Pn and P_ (Figure 17) 
293 
1 
Common 294 
Ad j . Means 1 
.00036 
.01817 
.00042 
.02461 
.00035 
.00622 
.00037 
.01144 
.00053 
.00320 
.00054 
.01526 
.00027 
.00014 
.00027 
.00309 
51.0** 
59.1** 
17.7** 
30.8** 
6.00* 
28.1** 
0.52 
11.5** 
The change in the percent P due to N fertilizer and the 
percent N in the corn leaf were significantly and negatively 
correlated, but the relationship appeared to be linear with­
out P and curvilinear with P fertilizer (Figure 15)« The 
highly significant difference between the regression coef­
ficients without and with P (Test 2, Table 5) indicates a P 
fertilizer x leaf percent N interaction on the change in per­
cent P due to N fertilizer. 
The change in percent P due to N fertilizer had a posi­
tive, linear relationship with the soil test P level without 
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P fertilizer but the relationship between the two was not 
significant with P fertilizer (Figure 16). The significant 
difference between the regression coefficients (Test 3, Table 
5) indicates a P fertilizer x soil test P interaction on the 
change in the percent P due to N fertilizer. The positive 
relationship between the change in the percent P due to N 
fertilizer and soil test P level without P fertilizer was dif­
ferent from the negative one between the change in the percent 
P and leaf percent P in the absence of P fertilizer, although 
both the soil test P and the leaf P should indicate the avail­
ability of the P in the soil. Since the change in the percent 
P due to N fertilizer was negatively related to the leaf N 
level, the difference between the relationships involving soil 
test P and leaf P may be due to the much higher correlation 
between the leaf N and P than between the leaf N and soil test 
P. 
The relationships between the change in the percent P due 
to N fertilizer and the response to N fertilizer, without and 
with P fertilizer, were highly significant, positive and line­
ar (Figure 17)• The difference between the regression coef­
ficients was not significant but the difference between the 
adjusted means was highly significant (Test 4, Table 5)• The 
high correlation between the change in the leaf P due to N 
fertilizer and the yield response to N probably reflects the 
effect of the N and P leaf levels on the change in the leaf 
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P due to N fertilizer plus the positive correlation between 
the N and P levels in the leaf. The large yield responses to 
N occur at a low level of N availability in the soil as shown 
by a low N level in the leaf. A low level of leaf P is also 
associated with a low leaf N level. The increase in the per­
cent P due to N fertilizer is larger at both of these condi­
tions, particularly in the presence of P fertilizer. In the 
absence of P fertilizer, the responses to N fertilizer and 
the change in percent P due to N often are limited at the 
lower N and P leaf levels. 
The change in the percent P due to N fertilizer appeared 
to be a curvilinear function of the rate of N fertilizer, 
either without or with P fertilizer. The rate of P fertilizer 
also influenced the change in percent P from N fertilizer. 
These results averaged over all observations are given in 
Table 6. 
Although the regressions showed the average change in 
the percent P due to N fertilizer, the individual observations 
showed wide variations. The frequency distributions of these 
changes in the percent P due to N fertilizer without and with 
P fertilizer are shown in Table ?• The unadjusted means of 
the change in percent P due to N fertilizer without and with 
P fertilizer were 0.005 and 0.020% P, respectively. The un­
adjusted means of these distributions as well as the adjusted 
means in the various relationships shown in Table 5 were sig-
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Table 6. Change in the percent P due to N fertilizer with­
out and with P fertilizer as affected by rates of 
N and P fertilizer 
Change in the percent P due to N fertilizer 
N rate At PQ At Pp At P^ Q At PgQ 
(lbs./A. ) na Mean na Mean na Mean na Mean 
40 40 0.005 57 0.011 29 0.009 28 0.013 
60 41 .009 42 
42 
.017 
80 29 .007 .025 20 .017 22 .032 
120 12 .002 12 .017 
160 3 -.005 4 .068 
180 7 -.009 4 .025 
an = number of observations. 
nificantly different at the 1% level. These distributions 
show that decreases, no changes or increases may occur, de­
pending upon the several factors discussed previously. They 
also explain the variations in the effect of N fertilizer on 
the leaf P level reported in the literature (3, 4, l4, 16, 
Table 7» Frequency distribution of the changes in the per­
cent P due to N fertilizer without and with P 
fertilizer (all N and P rates) 
Class interval Without P With P 
of the change Frequency Percentage Frequency Percentage 
in nercent P freauency frequency 
<-0.030 1 0.7 2 1.2 
—0.030 to —0.011 22 16.4 8 4.9 
-0.010 to 0.010 70 52.2 61 37.4 
0.011 to 0.030 26 19.4 53 32.5 
0.031 to 0.050 12 9.0 22 13.5 
O.O51 to 0.070 3 2.2 10 6.1 
> 0.070 0 0.0 7 4.3 
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27, 4l, 44, 65, 83, 91) where, in almost all cases, only one 
to a few experiments were conducted. 
The effect of N fertilizer on the change in the percent 
P in the corn leaf is a complicating factor in the interpreta­
tion of leaf composition. The addition of P or K fertilizer 
usually has little effect or decreases the level of the other 
nutrients depending upon the level of the other nutrients. 
The wide variability in the effect of N on the leaf P must be 
predicted before the leaf analysis method can be used with 
any precision. The marked NP interaction indicates that this 
N effect on leaf P is related primarily to the P availability 
in the soil although interactions among N and P fertilizer and 
the N and P availability in the soil appear to be contributing 
factors. 
The effect of N fertilizer on the change in the leaf P 
was different among the various soil types or association 
areas in Iowa (Table 8). The experiments with leaf levels 
greater than 0.29/6 P or 2.8# N (near the critical levels) in 
the NqPq or NQPr treatments were not included since little 
change in the percent P due to N fertilizer occurred at these 
high leaf levels. On most of the soils in the Clarion-
Webster, Marcus-Primghar-Sac, Galva-Primghar-Sac and Moody 
Soil Association Areas and on the Ida soil, the N fertilizer 
had no effect or decreased the percent P in the corn leaf 
without P fertilizer but increased the leaf P with P ferti-
Table 8. Frequency distribution of the effects of N fertilizer, without and with P 
fertilizer, on the change in the percent P in the corn leaf in the ex­
periments on the various Iowa soils (average effect over all N and P 
rates) 
with P 
Soils Number of fields % of fields Number of fields 4 6 of fields o
 
o
 +.010 V s
 
o
 
>.010 <-.010 +. 010X010 >.010 
Tama, Muscatine 1 1 5 0 1 6 
Mahaska, Taintor 0 2 2 0 0 4 
Grundy, Haig 1 0 2 
64 
0 1 1 
85 Total 2 3 9 0 2 11 
Fayette. Downs 1 1 4 0 0 5 
Carrington, Floyd, Clyde 1 1 6 0 0 7 
Total 2 2 10 71 0 0 12 100 
Clarion 2 1 1 0 0 4 
Nicollet 0 1 3 0 0 4 
Webster 1 3 0 0 1 2 
Total 3 5 4 33 0 1 10 91 
Galva, Sac 2 2 4 0 1 6 
Primgnar, Marcus 1 3 2 0 1 5 
Moody 0 2 2 
44 
0 0 3 
Total 3 7 8 0 2 14 88 
Marshall, Sharpsburg 0 1 2 67 0 0 3 100 
Mo. bottomland 0 1 2 67 0 0 3 100 
Ida 1 1 0 0 0 0 2 100 
Weller, Belinda 0 1 1 50 0 0 2 100 
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lizer. Large positive NP fertilizer interactions on yield and 
leaf P have occurred most often on these soils. On most of 
the other soils, N fertilizer increased the leaf P when the 
leaf N and P levels were below the approximate critical levels. 
In these soils NP fertilizer interactions on yield and percent 
P have been non-existent, small and positive or occasionally 
negative. 
Differences in the P availability in the subsoil may ac­
count for the differences in behavior between the two broad 
groups of soils. The soil types or areas where the N ferti­
lizer decreases or has no effect on the leaf P have very low 
amounts of available P in the subsoil. Most of the other 
soils have higher amounts of available P in the subsoil except 
the soils in the Carrington-Clyde Soil Association Area. 
These soils apparently have a low level of P availability in 
the subsoil and also a low level in the surface soil as in­
dicated by the chemical P soil tests. However, the plant 
available P in these soils is often high as indicated by low 
responses to P fertilizer and high percent P in the com leaf. 
Another factor must be contributing to the high availability 
of the P in these soils. The use of more manure and rotations 
with higher percentages of legumes on these soils than in 
other areas may increase the amount of P released from organic 
forms. 
The NP fertilizer interaction has been shown in the pre­
vious discussion to have a marked effect on the change in leaf 
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P due to N and P fertilization. Its components, where more 
than two levels of N and P fertilizer were used, were esti­
mated to determine whether components other than the linear 
x linear term were needed in the regression equation. 
In each individual experiment which had two or more 
degrees of freedom associated with the NP interaction, the 
mean squares of each component on the percent N and percent 
P in the leaf were determined. These are given in Table 9» 
Since analysis of variance was not calculated for the indi-
vidual experiments, an error variance (s ) for testing the 
approximate significance of the components was estimated in 
each experiment from the relationship, C = s/x, assuming an 
average coefficient of variation (C) of 8% and using the mean 
(x) of the percent N and percent P in each experiment. Test­
ing the significance of the NP interaction components at ap­
proximately the 10% significance level, there were no more 
fertilizer interactions on the percent N in the leaf than 
would occur by chance. The number of significant linear x 
linear NP interactions on the percent P was greater than would 
occur by chance but the number of linear x quadratic, quad­
ratic x linear or quadratic x quadratic NP interactions was 
no more than would occur by chance. From these approximations, 
the linear x linear NP interaction term appears to be the only 
necessary term in the regression equations involving the fer­
tilizer interaction on leaf P. 
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Table 9* Analyses of variance of the components of the NP 
interaction on the percent N and percent P in the 
corn leaf in the experiments having more than two 
levels of N or P fertilizer 
Expt. 
no.*3 
Percent N* Percent pa 
NLPL VL Vs hh VL NQP6 
16 .00 .06 .01 .00 .0001 .0002 .0000 .0000 
17 .00 .00 .00 .00 .0001 .0000 .0001 .0001 
19 .10 .01 — — — •— .0001 .0014 — — — 
23 .01 .02 .00 .00 .0003 .0001 .0007 .0000 
24 .01 .01 .00 .02 .0007 .0000 .0001 .0001 
25 .27° •°5R .03 .00 .0028® .0005 .0003- .0000. 26 1.11® .10* .05 .04 . 0120 .0001 .0016® .0034® 
35 .00 .00 .02 .02 .0002 .0004 .0001 .0000 36 .06 .02 .01 .01 .0001 .0000 .0000 .0004 
37 .00 .00 .01 .02 .0001 .0003 .0000 .0000 
38-P .03 .01 an .0009 .0001 mt • mmmm 
-D .00 .00 — — — — .0000 .0003 — — — —  
39-P .00 .01 — —  — — .0000 .0001 — —  — —  
-D .01 .00 — • — —• .0000 .0001 — — 40-P .00 .01 .07 .00 .0000 .0001 .0000 .0001 
D .03 .02 .03 .01 .0006 .0001 .0004 .0003 
42-P .00 .13 .0001 .0008 m» 
D .02 .01 — mm .0000. .0010 — — — — 
47 .01 — — .03 .0065 — —  .0000 —  —  
aAll values are mean squares with 1 d.f• for the inter­
action component listed. N^ P^ , N^ Pq, NqP^  and NqPq refer to 
the linear x linear, linear x quadratic, quadratic x linear 
and quadratic x quadratic components, respectively, of the 
NP interaction. 
E^xpt. no. = experiment number; P = broadcast and plowed 
under and D = broadcast and disked in. 
2 S^ignificant at approximately the 10# level. _The errors 
(s ) were calculated from the relationship, C = s/x, assuming 
an average coefficient of variation (C) of 8# and using the 
mean (x) of the percent N and P in each experiment. The error 
variances in each experiment are not given but averaged 0.043 
and 0.00042 for the percent N and percent P, respectively. 
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Table 9* (Continued) 
Expt. 
no.b 
Percent N* Percent Pa 
NLPL VQ VL NQPQ NLPL Vq »QPL V<5 
50 .10 _ _  .00 .0015e .0001 
51 .05 — —  .01 — — .0001 — —  .0001 — —  
55-P .01 .02 .00Ô4 .0000 
-D .06 •  —  .00 .0024E • *  —  .0001 — —  
56-P .01 — — .00 — —  .0000 — —  .0003 —  —  
-D .01 —  —  .02 —  —  .0001 — —  .0003 —  —  
57-P .00 —  —  .00 .0006 — —  .0007 — —  
-D .01 mm — .00 —  •  .0000. — — .0001 — —  
58-P .08 w* .01 —  —  •0015E —  —  .0002 —  —  
-D .03 — —• .01 —  —  .0009 — —  .0000 — —  
71 .02 —  —  .00 —  —  .0000. —  —  .0001 —  —  
72 .05 —• — .00 —  —  .0027 —  —  .0003 — —  
73 .01 —  —  .03 .0005 — — .0011 — —  
77 .04 .00 .02 .00. .0001 .0000 .0000 .0007 
78 .01 .04 .00 .09 .0030e .0002 .0004 .0015 
79 .02 .01 .14* .10 .0000. .0000 .0013 .0001 
107 .01 .IIe .13E .01 .0017e .0005 .0011 .0000 
109 .00 — —  .00 .0000 — —  .0000 — —  
no .00 .00 .0000 .0001 • • 
111 .00 * — .00 —  —  .0000 —  —  .0001 — —  
112 .00 — w .05 — — .0000 — —  .0005 — —  
113 .00 —  —  .00 —  —  .0001 —  —* .0003 —  —  
114 .00 —  —  .00 —  —  .0001 — —  .0000 —  —  
Num­ 42 22 35 15 42 22 35 16 
ber 
Number 2 2 2 l 10 0 1 2 
sig­
nificant 
There was no relationship between the change in percent 
P in the leaf due to P fertilizer and stand level at all P 
rates and with N fertilizer (r = 0.03, n = 213)• Multiple 
regression will be necessary to determine the relationship 
between the two, if any exists. 
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In the experiments comparing time and method of P ferti­
lizer application, the change in the percent P was larger from 
fall plowed-under than from spring disked-in application 
(Table 10). This difference probably was due to the depth of 
placement rather than due to time of application. The dif-
Table 10. Effect of method of P application on the change 
in the percent P in the corn leaf and yield 
response to P fertilizer (over all P rates) 
Method8 Loca- Compar- N Mean P Percent Change Mean 
tions isons level rate P at PQ in response 
percent to P 
P (bu./A. ) 
BPIT 9 13 *0 66 0.205 0.044 15.4 
BDI 9 13 N0 66 
xr
\ O
 
C M 
.027 12.0 
BPU 16 33 Nr 63 .225 .055 20.4 
BDI 16 33 Nr 63 .224 .041 16.3 
*BPU = broadcast and plowed under; BDI = broadcast and 
disked in. 
ference in the change in the percent P due to methods of ap­
plication appears to be correlated with the difference in 
yield responses. 
In summary, the hypothesis to be tested is that the 
change in percent P in the corn leaf due to N and P fertiliza­
tion may be expressed as a function of the following factors: 
(1) percent P without fertilizer (curvilinear), (2) soil test 
P level (curvilinear), (3) percent N without fertilizer 
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(curvilinear), (4) N fertilizer level (curvilinear), (5) P 
fertilizer level (curvilinear), (6) NP fertilizer interaction, 
(7) N fertilizer x percent N interaction, (8) N fertilizer x 
percent P interaction, (9) P fertilizer x percent N interac­
tion, (10) P fertilizer x percent P interaction, (11) N fer­
tilizer x soil test P interaction, (12) P fertilizer x soil 
test P interaction, (13) percent N x percent P interaction, 
(14) percent N x soil test P interaction, (15) subsoil test 
P, (16) stand level and (17) method of application. 
2. Percent P 
The percent P in the corn leaf at any N and P fertilizer 
treatment may be estimated from the factors affecting the 
change in the percent P if the percent P in the leaf without 
fertilizer is known. If the Check percent P is not known, 
the percent P in the leaf then may be estimated from a re­
gression equation of the percent P on other factors. 
The factors investigated affecting the percent P in the 
corn leaf were N and P fertilizers, NP fertilizer interaction, 
P availability in the soil (surface and subsoil P tests), N 
availability in the soil (Check percent N), N and P fertilizer 
interactions with the P soil test and Check percent N, the 
percent N in the leaf of the same fertilizer treatment, stand 
level and method of P application. Since many of these factors 
were discussed in respect to the change in the percent P and 
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whose effects would be similar in estimating the percent P 
in the corn leaf, they will not be discussed further. The 
relationships to be discussed in this section will be those 
between the percent P in the leaf and the soil test P level 
in the surface soil and subsoil, Check percent N, percent N 
in the leaf of the same fertilizer treatment, stand level and 
some of the fertilizer interactions involved. 
The percent P in the corn leaf and soil test P in the 
plow-layer, without and with N, were positively and signifi­
cantly correlated and the relationships were curvilinear at 
the low soil test P levels (Figure 18). The regression co­
efficients were significantly different but the adjusted means 
were not different (Test 1, Table 11). The difference between 
Table 11. Tests of significance between or among the re­
gression coefficients and adjusted means in the 
relationships involving the percent P in the 
corn leaf 
Test Regressions of Source of 
variation 
d.f• M.S. 
1. Percent P on the soil 
test P, at Nn and N_ 
(Figure 18) u r 
Within 227 .00215 
Reg. Coef. 1 .00878 4.08* 
Common 228 .00218 
Adj. Means 1 .00021 0.09 
2. Percent P on the soil Within 227 
test P in the subsoil, Reg. Coef. 1 
Common 228 
Ad j . Means 1 
at Nq and Nr 
Percent P on the per­
cent N, at NqPq, 
Nrp0> N0pr> 
(Figure 19) 
and NpPr 
Within 560 
Reg. Coef. 3 
Common 563 
Adj. Means 3 
.00227 
.00001 
.00226 
.00013 
0.00 
0.06 
.00137 
.00341 2.48* 
.00139 
.05344 38.5** 
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Figure 18. 
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SOIL TEST P (LBS./A.) 
Regressions of the percent P in the com leaf, 
without and with N fertilizer, on the soil test 
P in the plow-layer 
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the regression coefficients indicates a N fertilizer x soil 
test P interaction on the percent P in the leaf. 
The relationships between the percent P in the leaf and 
the soil test P in the subsoil, without and with N, were posi­
tive and highly significant (r = 0.39** and 0.35**, respec­
tively) and were curvilinear at the low subsoil test P levels 
(Table 12). The regression coefficients and adjusted means 
were not different without and with N fertilizer (Test 2, 
Table 12. Effect of the soil test P in the subsoil on the 
percent P in the corn leaf, without and with N 
fertilizer 
Range of the At NqPq At NrPQ 
subsoil test Mean Mean a Mean Mean 
P values subsoil percent P subsoil percent P 
test P test P 
0.5 to 0.9 31 0.7 .216 57 0.7 .208 
1.0 to 1.5 18 1.2 .240 38 1.2 .254 
1.6 to 5.5 12 3.3 .256 20 3.5 .253 
5.6 to 10.0 15 9-1 .247 16 9.1 .266 
10.1 to 18.0 0 —— —— 0 —— —— 
18.1 to 30.0 10 28.4 .291 14 29.7 .286 
an = number of observations within each sub-range. 
V^alues are pounds of P per acre 6 2/3 inches. 
Table 11). The degree of correlation may be somewhat mislead­
ing, however, because of the unequal distribution and extended 
range of the values. 
The correlations between the percent P and the percent 
N in the leaf at the NqPq, NrP0, N0Pr and NrPr treatments 
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were positive and highly significant (Figure 19). The rela­
tionships appeared to be mostly linear except for some curva­
ture near the critical N and P levels. The differences among 
the regression coefficients of the four treatments and among 
the adjusted means were significant and highly significant, 
respectively (Test 3> Table 11). As is shown in Figure 19, 
the regression coefficient of the NpP0 treatment differed 
significantly from the rest but no significant difference 
existed among the other regression coefficients. These re­
lationships show that the ratio of the percent P to the per­
cent N in the corn leaf is not constant but varies with ini­
tial leaf N level and fertilizer treatment. 
There was no significant relationship between the percent 
P in the corn leaf and stand level, either without or with N 
and P fertilizer (Table 13)• The correlation coefficients 
Table 13. The effect of stand level on the percent N and 
percent P in the corn leaf, without and with N 
and P fertilizer 
Range of  ^ At NqPq At NrPr 
stand level b Mean Mean Mean b Mean Mean Mean 
stand per- per- stand per- per-
cent N cent P cent N cent P 
<10.1 7 9.2 2.57 .231 18 9.2 2.55 .266 
10.1 to 12.0 27 11.2 2.40 .236 72 11.2 2.72 .275 
12.1 to 14.0 34 13.1 2.56 .249 93 13«0 2.74 .288 
14.5 2.34 .239 24 14.6 14.1 to 16.0 10 2.62 .256 
>16.0 8 18.0 2.29 .235 21 17.6 2.54 .269 
aStand level given in thousands of stalks per acre, 
n^ = number of observations. 
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Figure 19. Regressions of the percent P in the corn leaf on 
the percent N in the corn leaf at the NnP~, N p., 
Or a r^ r fertilizer treatments r ® 
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between percent P and stand level at NqPq and NrPr were 0.06 
and -0.01, respectively. Since the percent P is highly cor­
related with the percent N in the leaf, the relationship be­
tween the percent N and stand level was also determined 
(Table 13)• The percent N and stand level was not signifi­
cantly related either without or with N and P fertilizer (r = 
-0.11 at both NqPq and NrPr) although the linear trend was 
negative. 
In summary, the hypothesis to be tested is that the per­
cent P in the corn leaf at any N and P fertilizer treatment 
may be expressed as a function of the following factors: (1) 
soil test P level (curvilinear), (2) Check percent N (curvi­
linear), (3) percent N of the corresponding treatment (curvi­
linear), (4) N fertilizer level (curvilinear), (5) P ferti­
lizer level (curvilinear), (6) NP fertilizer interaction, 
(7) N fertilizer x soil test P interaction, (8) P fertilizer 
x soil test P interaction, (9) N fertilizer x Check percent 
N interaction, (10) P fertilizer x Check percent N interac­
tion, (11) subsoil test P level and (12) stand level. 
3. Change in yield 
In the third phase of this study, the factors that might 
be used to predict the change in yield due to N and P ferti­
lization were investigated. These factors were the avail­
ability of the N and P in the soil, N and P fertilizer rates, 
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NP fertilizer interaction, interactions of N and P fertilizers 
with the N and P availabilities in the soil, stand level, 
method of fertilizer application and the initial yield level. 
In order to study the various interactions, the relationships 
of the responses to N or P fertilizer and the various factors 
were determined in the presence and absence of the other 
nutrient. 
As previously shown in Figure 7» there was a high, posi­
tive correlation between the yield response to P fertilizer 
and the change in the percent P in the corn leaf due to P 
fertilization. The factors that influenced the change in 
percent P and which were discussed before should also affect 
the yield response to P fertilizer in a similar manner. 
All of the factors which influence the change in the per­
cent N in the corn leaf due to fertilization were not in­
vestigated. The relationships between the yield response to 
N and the change in the percent N due to N fertilization, 
without and with P fertilizer, were highly significant, posi­
tive and tended to be linear (Figure 20). Therefore, the 
factors which affect the response to N should also affect the 
percent N in the leaf because of the high correlation between 
the two. The highly significant differences between the re­
gression coefficients and the adjusted means without and with 
P fertilizer (Test 1, Table 14) show a marked NP interaction 
80-
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Figure 20. Regressions of the corn yield response to N fertilizer, without and 
with P fertilizer, on the change in percent N in the corn leaf due 
to N fertilizer (all N rates) 
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Table 14. Tests of significance between or among the re­
gression coefficients and adjusted means in the 
relationships involving yield responses to N 
and P fertilizer 
Test Regressions of Source of d.f. M.S. 
variation 
1. Response to N on the 
change in percent N dut 
to H fertilizer, at Pn 
and Pr (Figure 20) 
2. Response to P on the 
Check percent P, at Nn 
and Nr (Figure 21) 
3* Response to P on the 
4. 
5. 
6. 
r w " • -r— r (J 
treatment, at Nr 
Response to rates of P 
on the percent P of the 
NrP0 treatment, 
(Figure 22) 
at N_ 
Response to P on the 
soil test P, at NQ and 
Np (Figure 23) 
Response to rates of P 
on the soil test P, at 
N (Figure 24) 
7» Response to P of two 
soil groups on the sc 
test P. at 1L 
(Figure 25) 
Within 293 
Reg. Coef. 1 
Common 294 
Ad j. Means 1 
Within 318 
Reg. Coef. 1 
Common 319 
Adj. Means 1 
Within 422 
Reg. Coef. 1 
Common 423 
Adj. Means 1 
Within 205 
Reg. Coef. 3 
Common 208 
Adj. Means 3 
Within 318 
Reg. Coef. 1 
Common 319 
Adj. Means 1 
Within 205 
Reg. Coef. 3 
Common 208 
Adj. Means 3 
Within 208 
Reg. Coef. 1 
Common 209 
Adj. Means 1 
57.0 
828.7 
137.6 
3825.7 
149.2 
4479.7 
147.2 
134.6 
147.2 
89.4 
88.8 
2508.0 
111:1 
166.7 
2857.6 
175.1 
167.7 
1875.2 
192.3 
1169.5 
161.5 
*228.2 
180.9 
42.0** 
12.7** 
27.8** 
30.0** 
0.91 
0.61 
28.2** 
5.4** 
17.1** 
24.3** 
11.2** 
6.1** 
26.2** 
31.0** 
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on the regression of the response to N on the change in the 
leaf N due to N fertilizer. 
In order to determine the effect of the P availability 
in the soil on the change in yield due to fertilization, the 
yield responses to N and P were correlated with both the per­
cent P in the corn leaf and the soil test P. 
The yield response to P and the Check percent P in the 
leaf were significantly and negatively correlated and the re­
lationship appeared to be curvilinear in the presence of N 
fertilizer (Figure 21). The correlation was much higher with 
N than without N fertilizer. The highly significant differ­
ence between the regression coefficients without and with N 
fertilizer indicates a N fertilizer z Check percent P inter­
action on the response to P (Test 2, Table 14). The highly 
significant difference between the adjusted means shows the 
NP fertilizer interaction on the response to P. 
With N fertilizer, the percent P in the leaf of the NrPQ 
treatment also may be used to estimate the P availability in 
the soil. The relationship between the response to P with N 
fertilizer and the percent P in the N^ Pg treatment was similar 
to the one between the response to P fertilizer and the Check 
percent P (Test 3, Table 14). The correlation coefficient 
was somewhat higher between the response to P and the percent 
P in the NpP@ treatment (r = -0.72**) than between the response 
to P and the Check percent P (r = -0.64**). This difference 
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probably is due to the effect of the N fertilizer on the per­
cent P in the leaf which is included in the relationship with 
the percent P at NfPq but not in the one with the Check per­
cent P. 
The effect of rates of P fertilizer on the relationship 
between the response to P and the percent P in the leaf at 
NpPq is shown in Figure 22. The yield response curve rose 
sharply at the lowest leaf P levels but leveled rapidly after 
the first increment of 40 pounds of P20^  as the leaf P level 
reached 0.20 to 0.22#P. The highly significant differences 
among the regression coefficients due to rates (Test 4, Table 
14) indicate a P fertilizer rate x leaf percent P interaction 
on the response to P fertilizer. 
The negative and highly significant relationship between 
the response to P and the soil test P in the plow-layer was 
linear without N but was curvilinear with N fertilizer (Fig­
ure 23). The highly significant difference between the re­
gression coefficients (Test 5» Table 14) indicates a N fer­
tilizer x soil test P interaction on the response to P fer­
tilizer. The effect of P rates in the presence of N on the 
yield response-soil test P relationship is shown in Figure 
24. Differences in the yield response among P rates were 
large at the lowest soil test levels but were small above a 
soil test level of about 3 to 4 pounds per acre. The highly 
significant differences among regression coefficients (Test 
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Figure 24. Regressions of the corn yield response to rates 
of P fertilizer on the soil test P in the plow-
layer (with N fertilizer) 
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6, Table 14) indicate a P fertilizer rate x soil test P inter­
action on the response to P fertilizer. 
The yield responses to P fertilizer have differed in 
various soil areas. The regressions of the response to P on 
the soil test P in two broad groups of Iowa soils are shown 
in Figure 25. The relationship was curvilinear on the soils 
in the Clarion-Webster, Marcus-Primghar-Sac, Galva-Primghar-
Sac and Moody Soil Association Areas and on the Ida and South­
western Iowa Bottomland soils. It was nearly linear on the 
soils in the Carrington-Clyde, Fayette-Downs, Tama-Muscatine, 
Mahaska-Taintor, Grundy-Haig and Marshall Soil Association 
Areas. The regression coefficients and the adjusted means for 
the two groups of soils were significantly different (Test 7, 
Table 14). The different yield responses to P fertilizer on 
most of the soils in the two groups probably are due to the 
differences in the P availability in the subsoils. However, 
as has been mentioned previously, the soil test P in the sub­
soil of the Carrington, Floyd and Clyde soils often has been 
low but these soils have responded similarly to P fertilizer 
as the soils with a higher soil test P in the subsoil. 
Of particular interest in this study is the comparison 
of leaf analysis and soil test methods for predicting corn 
yield responses to P fertilizer. The fraction of the vari­
ations in the yield response to P explained by linear re-
gression (r ) was about twice as high in the regression of 
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Figure 25. Regressions of the corn yield response to P ferti­
lizer of two classes of soils on the soil test P 
in the plow-layer (all P rates, with N fertilizer) 
The soils on which corn responded less to P (Class 
I) included Carrington, Floyd, Clyde, Fayette, 
Downs, Tama, Muscatine, Mahaska, Taintor, Grundy, 
Haig and Marshall soils. Those on which corn 
responded more to P (Class II) included Clarion, 
Nicollet, Webster, Marcus, Primghar, Galva, Moody, 
Ida and Southwestern Iowa Bottomland soils 
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response on the percent P of the NrPQ treatment than In the 
regression of response on the soil test P (Table 15)• The 
fraction of the yield response variations explained by using 
the Check percent P was intermediate between the percent P 
at NpPg and the soil test P. Although the Check percent P 
will be used in most practical applications, the highest pre­
cision in estimating the response to P will most likely lie 
between that of the Check percent P and that of the percent 
P of the NpPq treatment if the effect of N fertilizer on the 
P content in the leaf is included in the multiple regression. 
Curvilinear regression may also increase the fraction of the 
variations explained by regression. The precision of the 
yield response predictions on the soil test P also should be 
increased by using curvilinear regression and including the 
soil test P level in the subsoil in the multiple regression. 
Although the precise value of the leaf analysis and soil test 
Table 15* The fraction of the variations in the yield re­
sponse to P-fertilizer explained by linear re­
gression (r2) in the regressions of yield re­
sponse to P on the soil test P and percent P in 
the corn leaf (with N fertilizer) 
2 P rate r of the response to P on: 
(lbs. PpOVA.) n Soil Check per- Percent P 
7 test P cent P at N PQ 
30. 40 69 0.24 0.44 0.50 
60 55 .15 .16 .37 
80, 90 64 .36 .51 .64 
120, 160 25 .43 .81 .81 
All 213 .25 .41 .52 
an = number of observations. 
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methods for predicting yield responses to P fertilizer cannot 
be determined in these simple relationships, the value of 
leaf analysis appears promising enough to justify further in­
vestigation by multiple regression analyses. 
The P availability in the soil as indicated by the per­
cent P in the corn leaf or the soil test P level also affected 
the yield response to N fertilizer. The relationship between 
the response to N and the Check percent P in the corn leaf 
was not significant without P fertilizer but was negative, 
highly significant and curvilinear with P fertilizer (Figure 
26). The highly significant difference between the regression 
coefficients without and with P indicates a P fertilizer x 
Check percent P interaction on the response to N fertilizer 
(Test 1, Table 16). The relationship between the response 
to N and soil test P without P fertilizer was positive, sig­
nificant and linear but was negative, significant and perhaps 
curvilinear with P fertilizer (Figure 27)• The highly sig­
nificant difference between the regression coefficients in­
dicates a P fertilizer x soil test P interaction on the re­
sponse to N fertilizer (Test 2, Table 16). 
The N availability in the soil affected the yield re­
sponse to P fertilizer. The linear and significant relation­
ships between the response to P and the Check percent N were 
positive without N fertilizer and negative with N fertilizer 
(Figure 28). The highly significant difference between the 
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Table 16. Tests of significance between or among the re­
gression coefficients and adjusted means in the 
relationships involving the yield response to N 
and P fertilizer 
Test Regressions of Source of d.f• M.S. F 
variation 
1. Response to N on Within 293 139*3 
Check percent P, at Pft Reg. Coef. 1 4527.0 39*5** 
and P_ (Figure 26) Common 294 154.2 
r Adj. Means 1 2376.8 15.4** 
2. Response to N on the Within 293 168.0 
soil test P, at Pn and Reg. Coef. 1 2513-2 15*0** 
P_ (Figure 27) Common 294 176.0 
r Adj. Means 1 2902.9 16.5** 
3* Response to P on the Within 318 207*9 
Check percent N, at Nn Reg. Coef. 1 1818.3 8.7** 
and N_ (Figure 28) Common 319 212.9 
r Adj. Means 1 4823.9 22.6** 
4. Response to P on the Within 422 251.7 
Check percent N and Reg. Coef. 1 2314.5 9.2** 
the percent N of the Common 423 256.6 
NrP0 treatment, at Nr Adj. Means 1 669*4 2.61 
5. Response to N on the Within 293 114.8 
Check percent N, at PQ Reg. Coef. 1 2158.5 18.8** 
and P_ (Figure 29) Common 294 121.8 
r Adj. Means 1 3106.9 25.5** 
6. Response to N on the Within 322 134.7 
Check percent N and Reg. Coef. 1 22.5 0.17 
percent N of the NnP Common 323 134.3 
treatment, at Pp Adj. Means 1 284.3 2.12 
7* Response to rates of Within 155 71*8 
N on the percent N of Reg. Coef. 3 1264.3 17*6** 
the NnP treatment, at Common 158 94.4 
Pr (Figure 30) Add- Means 3 1058.1 11.2** 
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regression coefficients indicates a N fertilizer x Check per­
cent N interaction on the response to P fertilizer (Test 3, 
Table 16). The relationship between the yield response to P 
and the percent N in the leaf of the treatment was simi­
lar to the one between the response to P and the Check percent 
N, with N fertilizer, except that the correlation and regres­
sion coefficients were higher in the former (r = -O.38**, 
b = -21.3) than in the latter (r = -0.19**, b = -7.6). The 
significant difference between the regression coefficients 
of these two relationships (Test 4, Table 16) may reflect only 
the effect of N fertilizer in increasing the percent N in the 
leaf and the compression of the leaf N observations within a 
narrower range. 
The relationships between the yield response to N and 
the Check percent N, without and with P fertilizer, were 
negative, linear and highly significant (Figure 29). The 
highly significant difference between the regression coef­
ficients without and with P (Test 5, Table 16) indicates a P 
fertilizer x Check percent N interaction on the yield response 
to N fertilizer. With P fertilizer, the relationship between 
the response to N and the percent N in the leaf of the NQPr 
treatment had a higher correlation (r = -0.75**) than the one 
between the response to N and the Check percent N (r = -0.62**). 
There was no difference between the regression coefficients or 
adjusted means (Test 6, Table 16). 
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The effect of rates of N fertilizer on the regressions 
of yield response to N on the percent N in the com leaf at 
NqPp is shown in Figure 30. As shown by the regressions and 
groups averages, the yield response curve to N fertilizer 
varied with the leaf N level. The differences among the re­
gression coefficients of the various rates indicate a N fer­
tilizer x leaf percent N interaction on the response to N 
fertilizer (Test 7, Table 16). 
Since soil test N data were not available for all fields, 
the percent N in the Check or NqPp treatment was the only 
measure of the N availability in the soil. The comparative 
value of the leaf analysis and the N soil test methods for 
predicting the yield response to N fertilizer may be approxi-
p 
mated by comparing the coefficients of determination (r ) of 
the regressions of the response to N on the leaf N in this 
study and those of the response to N on the soil test N re­
ported by Hanway and Dumenil (37) (Table 17) • Data from many 
of the same experiments were used in both comparisons. Al­
though no tests of significance can be made of the differ­
ences, the leaf N content appears to be as good as and perhaps 
somewhat better than the soil test N for predicting the yield 
response to N fertilizer. 
The correlations involving the soil test N did not in­
clude data from com following a legume meadow but the cor­
relations with the leaf N content did include first-year com. 
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Table 17. The fraction of the variations in the yield re­
sponse to N explained by linear regression (r%) 
in the regressions of the response to N on the 
percent N in the corn leaf and of the log of the 
response to N on the soil test N (with P ferti­
lizer) 
N rate n r of the response n r of the log of 
(lbs. N/A.) to N on: the response to 
Check Percent N N on soil test N 
percent N at NqPf 
40 57 0.47 
60 42 .52 
80 44 .40 
180 } 20 -63 
an = number of observations. 
n^ = number of experiments. 
cData from Table 1, Hanway and Dumenil (37). 
Tyner et al. (82) found that correlations between yields and 
leaf N were somewhat lower on corn following a legume than on 
other corn crops. They concluded that the release of N from 
legume residues after leaf samples were taken at silking 
contributed to the reduced correlations. 
The difference between the yield response correlations 
with the Check percent N and the percent N of the NqPp treat­
ment at rates of 80 and 120 to 180 pounds of N appeared to be 
due, in part, to the large responses to N on Experiment 26 on 
Ida silt loam. The addition of P fertilizer decreased the 
percent N in the leaf markedly so that the large N responses 
with P were more in line with the other observations in the 
0.47 60 0.45 
.54 25 .28 
.65 46 .44 
5 .34 
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correlations with the percent N at NqPp than in those with 
the Check percent N. For example, omitting the two observa-
P tions from this experiment increased the r between the re­
sponse to N and the Check percent N in the leaf at the 80-
pound rate from 0.40 to 0.55* 
In the experiments where methods of application were 
compared, broadcast and plowed-under application of P ferti­
lizer gave larger yield responses to P than broadcast and 
disked-in application (Table 11). These larger responses were 
related to larger increases in the percent P in the leaf from 
plowed-under than from disked-in P. Previous data (22) indi­
cated little yield difference among methods of N application. 
The method of application which was the same for both N and 
P in almost all of the experiments might be expected to affect 
the responses to P but have little effect on the responses 
to N fertilizer. 
There appeared to be little relationship between stand 
level and the yield response to N or P. For all observations, 
the correlation coefficients between stand level and the re­
sponse to N and P were 0.27** and 0.17*, respectively. How­
ever, if the observations from Experiment 26 were omitted, 
the correlation coefficients between stand level and the re­
sponse to N and P were 0.02 and -0.07, respectively. 
Another factor that may be useful in the prediction of 
the yield response due to N and P fertilization is the yield 
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of the unfertilized treatment (Check yield). The relationship 
between yield response and Check yield would be expected to 
be negative. If the Check yield is known or can be estimated 
closely, the addition of this variable to the regression equa­
tion may increase the precision in the yield response predic­
tion. For the many cases in which the Check yield will not 
be known, an alternative regression equation for predicting 
the yield response from leaf composition and other factors 
must be calculated without the Check yield variable. 
In summary, the hypothesis to be tested is that the change 
in yield from N and P fertilization may be expressed as a 
function of the following factors : (1) percent N without fer­
tilizer (curvilinear), (2) percent P without fertilizer (cur­
vilinear), (3) soil test P level (curvilinear), (4) N ferti­
lizer level (curvilinear), (5) P fertilizer level (curviline­
ar), (6) NP fertilizer interaction, (7) N fertilizer x per­
cent N interaction, (8) N fertilizer x percent P interaction, 
(9) P fertilizer x percent N interaction, (10) P fertilizer 
x percent P interaction, (11) N fertilizer x soil test P 
interaction, (12) P fertilizer x soil test P interaction, 
(13) percent N x percent P interaction, (14) percent N x soil 
test P interaction, (15) subsoil test P, (16) stand level, 
(17) method of application and (18) unfertilized yield level. 
Except for the last variable, the variables are the same for 
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the regression analyses involving both the change in yield 
and the change in percent P of the corn leaf. 
4. Yield 
In the last phase of this study, the factors that might 
be used to predict the corn yield were investigated. If the 
yield of the unfertilized corn is known, the yield may be 
estimated by the addition of the yield response prediction 
due to N and P fertilization. However, if the yield of com 
with any N and P fertilizer treatment is to be estimated, data 
on the unfertilized yield, the leaf composition of the un­
fertilized corn and its interactions with N and P fertilizer 
levels probably will not be available. 
The relationships between the yield and various available 
factors for predicting the yield of any N and P fertilizer 
treatment were investigated. The discussion in the previous 
section has shown that the leaf composition will reflect the 
availability of the N and P in the soil and the fertilizer. 
However, if only soil tests are used to predict the yield of 
fertilized com, the N and P fertilizer effects on yield also 
must be included. The factors used to predict the corn yield 
included the leaf N and P levels and their interaction, the 
soil test P level and its interactions with N and P fertili­
zer, the soil test P in the subsoil, the stand level, the N 
and P fertilizer levels and the NP fertilizer interaction. 
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The yield and the percent P in the corn leaf were sig­
nificantly and positively correlated at all fertilizer treat­
ments and the rela tionship tended to be curvilinear, par­
ticularly with N fertilizer (Figure 31)• The differences 
among the regression coefficients of yield on the leaf P of 
all fertilizer treatments were significant only at the 8% 
level (Test 1, Table 18). However, these differences among 
regression coefficients were due solely to the regression co­
efficient of the NpPp treatment which differed significantly 
from the others. The lower regression coefficient of the 
NpPp treatment may be due to fitting a linear regression to 
what appears to be a curvilinear relationship. More of the 
observations of the NpPr treatment also occurred near the ap­
proximate critical level. Fitting the yield-leaf P relation­
ships of the various fertilizer treatments to a curvilinear 
function may eliminate the apparent fertilizer x leaf P level 
interaction on yield. The adjusted yield means among the fer­
tilizer treatments were significantly different (Test 1, 
Table 18). The N treatments had a higher yield than those 
without N at any leaf P level. This would be expected since 
the effect of N fertilizer on the leaf N level is only par­
tially accounted for in these relationships by the correla­
tion between the leaf N and P contents. 
The corn yield and the percent N in the leaf were sig­
nificantly and positively correlated at all fertilizer treat-
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Table 18. Tests of significance between or among the re­
gression coefficients and the adjusted means in 
the relationships involving the corn yield 
Test Regressions of Source of 
variation 
d.f• M.S. F 
1. 
4. 
Yield on percent P, 
a* Vo» NrP0> N0Pr 
and NrPr (Figure 31) 
Within 
Reg. Coef. 
NrPp vs. 
others 
Among N0P0, 
Vo- ¥r 
2. Yield on percent N, at 
N0p0> *®rP0» Opr an(* 
Vr (Figure 32) 
Common 
Adj. Means 
Within 
Reg. Coef. 
Common 
Adj. Means 
Yield on soil test P, Within 
at N0P0, NrP0, NQPr and Reg. Coef. 
Vr (Figure 33) 
Yield on soil test P, 
at N0P0 and NrPQ 
(Figure 33) 
5• Yield on stand level, 
at Vo> NrP0* Vr 
and NrPr (Figure 34) 
Common 
Adj. Means 
Within 
Reg. Coef. 
Common 
Adj. Means 
Within 
Reg. Coef. 
Common 
Adj. Means 
560 335.6 
3 787.3 2.34s 
1 2110.0 6.29* 
563 
3 
560 
563 
3 
560 
563 
3 
227 
1 
228 
1 
560 
563 
3 
126.0 
338.0 
3844.3 
361.4 
488.3 
362.0 
7480.0 
454.5 
1981.3 
462.6 
12778.0 
497.4 
764.0 
498.5 
3144.0 
441.5 
12383.3 
0.38 
11.4** 
1.35 
20.6** 
4.36* 
27.6** 
1.54 
6.31* 
0.58 
28.1** 
Significant at the 8% level. 
ments and the relationships tended to be curvilinear at all 
treatments (Figure 32). The differences among the regression 
coefficients were not significant but the differences among 
the adjusted means were highly significant (Test 2, Table 18). 
The higher yields of the treatments with P than those without 
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and/or P rates) 
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P at any leaf N level would be expected since the effect of 
P fertilizer on the leaf P level is not fully accounted for 
in these relationships. 
The relationships between yield and soil test P varied 
considerably with the fertilizer treatment. Without P ferti­
lizer, at Ngfyand NrPQ, the yield and soil test P level were 
significantly and positively correlated and the relationships 
tended to be curvilinear. With P fertilizer, at NgPp and 
NpPp, there was little relationship between yield and soil 
test P level (Figure 33)• The regression coefficients and 
adjusted means were significantly different among the treat­
ments (Test 3» Table 18). The differences among the regres­
sion coefficients indicate a N and P fertilizer x soil test 
P interaction on yield. This shows that the effect of the 
N and P fertilizer levels on yield also must be included if 
the soil test P level is to be used to estimate corn yields. 
Since the P fertilizer gave similar yields at all except 
the lowest soil test P levels, the differences among the re­
gression coefficients of the yield-soil test P relationships 
appeared to be due primarily to the effect of the P fertiliz­
er. In the relationships not confounded by the effect of P 
fertilizer, the NqPq and NpPQ treatments, the regression co­
efficients were not significantly different (Test 4, Table 
18). However, the correlation coefficient between yield and 
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soil test P was higher with N (r = 0.37**) than without N 
(r = 0.22*). 
p 
The linear regression of yield on the leaf P level (r = 
0.37) explains more of the variations in yield of the un­
fertilized corn than the regression of yield on the soil test 
P level (r2 = 0.05). The leaf P content reflects the N avail­
ability in the soil through its high correlation with the leaf 
N content and the effects of other variables on crop growth 
up to the time of leaf sampling. Most of these effects, how­
ever, are not included in the yield-soil test P relationships. 
The coefficients of determination (r ) between yield and leaf 
P and yield and soil test P with N fertilizer C^ Pq) were 0.42 
and 0.14, respectively. Thus, the relative difference between 
the leaf P and soil test P levels for yield prediction is 
similar without and with N fertilizer. 
The yield and the stand level at all fertilizer treat­
ments were significantly and positively correlated and the 
relationships appeared to be curvilinear (Figure 34). There 
were no significant differences among the regression coef­
ficients (Test 5j Table 18). The absence of a fertilizer 
treatment x stand level interaction on yield was unexpected 
since this interaction has been reported frequently in the 
literature (22, 25, 4l, 56). 
The method of P fertilizer application was not included 
as a variable in the yield prediction equation although it had 
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Figure 34. Regressions of the corn yield at the NqPq, 
N0Pr and NpPp treatments on the stand level (all 
N and/or P rates) 
l6l 
a significant effect on the change in the leaf P and yield 
response to P fertilizer. The effect of the method of P ap­
plication on yield was confounded with season, soil area, time 
of plowing and previous crop management. Host of the experi­
ments having disked-in fertilizers were located in northeast­
ern Iowa from 1953 to and including 1956 when climatic condi­
tions generally were quite favorable for high corn yields. 
Most of these fields also were plowed in the fall and the corn 
followed a meadow crop. The fields with plowed-under applica­
tions were plowed in the spring except the ones with methods 
comparisons which were plowed in the fall. The confounding 
of the above-mentioned factors with method of application ap­
peared to be less in the relationships with the change in 
percent P and change in yield than with the leaf P level and 
yield. Most of the confounding effect appeared to be associ­
ated with the initial leaf P or yield level (without ferti­
lizer) rather than with the changes in either one due to fer­
tilization. 
In summary, the hypothesis to be tested is that the yield 
of com at any N or P fertilizer treatment may be expressed 
as a function of the following factors: (1) percent N in the 
corn leaf (curvilinear), (2) percent P in the com leaf (cur­
vilinear), (3) percent N x percent P interaction, (4) N fer­
tilizer level (curvilinear), (5) P fertilizer level (curvi­
linear), (6) NP fertilizer interaction, (7) soil test P level 
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(curvilinear), (8) N fertilizer x soil test P interaction, 
(9) P fertilizer x soil test P interaction, (10) subsoil test 
P level and (11) stand level (curvilinear). 
C. Multiple Regression Analyses 
1. The multiple regression model 
In the preliminary investigations, relationships between 
or among the variables1 were studied to determine which ones 
should be included in the multiple regression model for each 
of the following dependent variates: the change in the percent 
P in the corn leaf due to N and P fertilization, the percent 
P in the corn leaf at any level of N and P fertilization, the 
change in the corn yield due to N and P fertilization and the 
com yield at any level of N and P fertilization. 
From the approximate relationships previously determined 
from the successive group means, the dependent variates ap­
peared to be curvilinear functions of some of the variables. 
Interactions which were shown to be present were included only 
as linear x linear terms. Although the linear x linear com­
ponent may account for most of the interaction effect, there 
was evidence from the successive group means that curvilinear 
T^he term "variable" will refer to a factor under study 
whose effect in the regression model and analysis may be shown 
as a function of one or more variates. "Variate" refers to a 
single term included in the multiple regression model and 
analysis. 
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components also were present. This was indicated in some of 
the figures where the relationship appeared to be linear with­
out N or P fertilizer but curvilinear with N or P fertilizer 
and, particularly, where converging curvilinear relationships 
without and with the other nutrient appeared to occur as the 
X variable increased. Three-factor interactions also may 
exist among the variables, particularly among N and P and the 
other variables as is indicated in several of the figures, 
but none was investigated in this study. Compromises in the 
selection of the variables had to be made due to limitations 
in the number of variables that could be studied with present 
facilities. 
The general multiple regression model of the dependent 
variate (Y) on r fixed variates, Anderson and Bancroft (1), 
is assumed to be: 
r 
ï = M + ^ /3i + c , 
where is the population mean, /Q ^ is the population re­
gression coefficient, x^  is the deviation of the X^  variate 
from its mean (x^  = X^  - 3^ ), i = 1, 2 ...., r is the number 
of X variates and associated regression coefficients and € 
is the true error. 
The estimates of the population parameters are represent­
ed by: r 
Y = Y + 2Z b4x4 + e , 
1=1 1 1 
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where Y is the estimated dependent variate, Y is the observed 
mean, b^  is the estimated regression coefficient, and e is the 
individual residual error. The residual sum of squares, calcu­
lated along with the inverse matrix on the IEM 650 Computer, 
2 2 
may be expressed as (1 - R ) Sy and then the reduction due to 
2 2 2 
regression is R Sy , where Sy is the sum of squares of the 
p 
deviations of the dependent variate (Y) from the mean and R 
is the fraction of the variations in the dependent variate due 
to multiple regression. In the equations employed, the may 
be linear, square root, squared or linear x linear interaction 
terms. 
Several forms of algebraic functions may be used to ex­
press the curvilinear relationships among variables but little 
work has been done with fitting data to curvilinear functions 
of more than three variables. Heady et al. (39) and Brown 
et al. (10) stated that the quadratic polynomial function has 
several advantages over other types, such as exponential or 
logarithmic functions, for predicting yields and for further 
economic analyses. The quadratic polynomial function there­
fore was used in this study for the variables showing curvi­
linear effects. 
Heady et al. (39) tested two general types1 of the quad­
ratic function for their two-variable functions, a quadratic 
H^ereinafter, the quadratic equation with squared terms 
and the square root transformation of a quadratic equation 
will be referred to as quadratic and square root functions, 
respectively. 
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equation with squared terms and a linear x linear interaction 
term and a square root transformation of a quadratic equation 
with the linear x linear interaction being a square root term. 
They selected the square root function as the most efficient 
since its coefficient of multiple determination (R ) was larg­
er and its residual sum of squares was smaller than the cor­
responding ones of the quadratic function. Brown et al. (10) 
also used the quadratic and square root functions ; in one case, 
a mixed function was used by combining the quadratic function 
for one variable and the square root function for the other 
variable. The functions for their regression equations were 
p 
selected primarily on the basis of the highest R although 
logical considerations affecting the economic analyses were 
also involved. 
The square root function fits data best where the slope 
of the curve initially is steep, decreases rapidly, remains 
near zero over a wide range of the X variable and finally 
changes direction. The quadratic function fits data best 
where the slope of the curve gradually decreases to zero and 
then becomes increasingly larger and of opposite sign. In 
the curvilinear relationships shown in the preceding figures, 
the change in the slope of the dependent (Y) variate with in­
creasing level of the X variable was gradual except with the 
soil test P variable. The relationships with soil test P 
generally showed a steep slope at very low levels, a rapidly 
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changing slope at the low levels and a nearly constant slope 
approaching zero thereafter. Therefore, the quadratic func­
tion may be satisfactory for all variables except possibly 
the soil test P variable for which a square root function may 
give a better fit to the data. 
Both the square root and quadratic terms were included 
in the preliminary calculations (the sums of squares and cross 
products and the correlation coefficients) for several vari­
ables in order to compare the relative efficiency of the two 
functions. These variables included N and P fertilizer levels, 
the soil test P level, percent N and P in the leaf and the 
Check percent P in the leaf. Only the quadratic function of 
the Check percent N and stand level was included since the 
relationships with the Check percent N showed little curvature 
and those with stand appeared curvilinear only with the corn 
yield. Additional interaction terms also were included in 
order to have the correct linear x linear interaction term for 
a mixed model. It was assumed that the linear x linear inter­
action term in a mixed model involving, for example, the quad­
ratic function of the N level and the square root function of 
the soil test P level (Pg) would be N x Pg^ . 
Since the capacity of the IBM 650 Computer for a simul­
taneous calculation is 29 variates including one or more de­
pendent variates (Y), all possible combinations of the inter­
action terms involved in a mixed model could not be included. 
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The additional variates that were added later to the change 
in percent P and change in yield models were based on these 
earlier comparisons between the quadratic and square root 
functions. The variables and their associated variates which 
were included in the regression models for all dependent vari­
ates are given in Table 19-
The linear correlation coefficients between the Y vari­
ates and their associated X variates of the square root and 
quadratic functions were first examined (Table 20). However, 
the relative efficiency of the two functions could not be 
determined from these correlation coefficients because of the 
varying degrees of correlation among the X variates associated 
with the main effects and their interactions. Next, the square 
root and quadratic functions of a single variable were com-
2 1 pared by calculating the R of each from the equation : 
2 2 
r>2 _ rYl + rY2 - 2rYlrY2r12 
where Ty^ , ry2 and r12 are the linear correlation coefficients 
between Y and X^ , Y and Xg and X^  and Xg, respectively. Where 
variates for X^ , X and X2 were included for a single variable, 
the R were calculated for both functions, considering that 
X^  = X^  and Xg = X in the square root function, X^  = X and 
T^his test was suggested by Dr. E. H. Jebe of the Sta 
tistics Department, Iowa State College. 
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Table 19. The X variates included in the preliminary calcula­
tions of the sums of squares and cross products 
and the correlation coefficients for each of the 
dependent (Y) variates 
Variable X variate* X variates included vithb 
the following Y variates 
A% P (Y-. ), %P Yield 
A yield (Y%) CY2^  
N fertilizer level 
(lbs. N/A.) 
P fertilizer level 
(lbs. P20?/A.) 
N x P fertilizer 
interaction 
Soil test P level 
in the plow-layer 
(lbs. P/A.) 
N& X1 *L 
N 
N2 x3 x3 *3 
p* 
x4 x4 
p 
x5 x5 x5 
P2 
*6 X6 *6 
Nipi 
x7 X7 4 
NP x8 x8 x8 
*9 *9 *9 
Ps x10 x10 0^ 
ps2 X11 X11 X11 
Hereinafter, these symbols will be used to designate 
the variates in the regression models and analyses. The 
value of the interaction variate is the product of the in­
dicated powers of the two variates. 
T^he dependent variates (estimated Y's) in the regression 
models and analyses are designated hereinafter as: 6 #P (Y^ ) = 
change in percent P in the com leaf, %P (Yg) = percent P in 
the com leaf, A yield (Y^ ) = change in com yield in bushels 
per acre and Yield (Y^ ) = corn yield in bushels per acre. 
cThis numbering of the X. variates was used only in the 
preliminary calculations. 
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Table 19. (Continued) 
Variable X variate X variates included withb 
the following Y variates 
ù%? (Y,), %P Hiîd 
(Y,) <V <V A yield 
Soil test P level 
in the subsoil 
(lbs. P/A.) 
Method of P applica­
tion (0 = BPU, 
1 = BDI) 
Stand level (thou­
sands of stalks/A.) 
N fertilizer x soil 
test P interaction 
P fertilizer x soil 
test P interaction 
Percent N in the 
leaf at the given 
level of N and P 
fertilizer 
Percent P in the 
leaf at the given 
level of N and P 
fertilizer 
Percent N x percent 
P interaction 
in the leaf at NqPq) 
sub. 
meth. 
N* x P s i Nx Pa 
N x P. 
P* x Pg* 
P X Pg* 
$N 
N^2 
%T>2 
%T& x 
#N x %T? 
Check percent N ($N Ck.#N 
Ck.gN2 
12 
13 
X 
X 
14 
15 
%6 
7^ 
X18 
X19 
X20 
*21 
*22 
L12 
1^4 
X15 
*16 
*17 
X18 
X19 
0^ 
*21 
*22 
=23 
4^ 
12 
x13 X13 
xl4 
=15 
xl6 
*17 
Xl8 
x19 
0^ 
hi 
*22 
*21 
*2k 
*25 
*26 
*27 
*28 
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Table 19» (Continued) 
Variable X variate8 X variates included with. 
the following Y variates 
A %P (Y, ), %P Yield 
A yield (Y3) (Y2) (Y4) 
Check percent P (#P 
in the leaf at NqPq) 
Check percent N x 
Check percent P 
interaction 
N x Check percent 
N interaction 
P x Check percent 
N interaction 
N x Check percent 
P interaction 
P x Check percent 
P interaction 
Check percent N x 
soil test P inter­
action 
Check yield, yield 
at NqPq (bu./A.) 
Ck.#P& Xg^  
Ck.tfP X2lf 
Ck.gP2 Xg% 
Ck.#N x Ck.#P& Xg6 
Ck.#N x Ck.#P Xg7 
N* x Ck.#N 
2^8 N x Ck.#N 
P^  x Ck.$N 
P x Ck.#N 
N x Ck.#P 
P x Ck.#P 
=29 
X 30 
31 
Ck.frf x P, s X 
Ck. yield 
32 
33 
=25 
2^6 
*27 
*28 
Xg = X2 in the quadratic function and r^ 2 = rx^ x and rXX2 in 
the square root and quadratic functions, respectively. 
o 
The R of the square root and quadratic functions of the 
p 
single variables, the r between each of the dependent vari­
ates and the individual X variates and the correlation coef-
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Table 20. Linear correlation coefficients (r) between the 
dependent (Y) variates and the X variates 
X variate r between X variate and: 
8,1* A yield <Va Yields (Y4) b 
N* .100 .117 .362 .222 
N .148 .140 •397 .212 
N2 .169 .140 .378 .171 
pi 
.547 .324 .373 .255 
P .569 .317 .425 .247 
P2 .525 .273 .446 .212 
Nipi 
.519 .298 .601 .318 
NP .487 .276 .579 .284 
-.248 .292 -.184 .172 
ps -.217 .253 —. 162 .146 CM Pt
"
 
-.150 .162 -.127 .106 
Psub. -.213 .238 -.212 .162 
p 
meth. -.102 .092 -.145 .157 
S .044 — .014 .106 .256 
s! .041 -.031 .106 .227 
Number of observations = 474. Values of r larger than 
0.091 and .119 are significant at the 5# and 1% levels, re­
spectively. 
N^umber of observations = 574. Values of r larger than 
0.084 and 0.110 are significant at the 5% and 1% levels, re­
spectively. 
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Table 20. (Continued) 
(YX) (Y2) (V (Y4) 
.010 .211 .258 .279 
.062 .221 .313 .266 
.009 .241 .237 .266 
.297 •356 .177 .251 
.339 .353 .237 .246 
X variate r between X variate and: 
A%p %p a yield Yield 
N* x Pg* 
N x Pg* 
Nx Ps 
P^  x Ps* 
P x Pg* 
56N* . 524 
N^ .555 .514 
gN2 .547 .490 
.607 
gP .587 
$p2 .540 
#N* x ^  .636 
x $P .606 
Ck.#N -.192 .493 -.265 
Ck.^ N2 -.190 .490 -.260 
Ck.gP* -.406 -.432 
Ck.#P -.400 -.422 
Ck.^ P2 -.378 -.394 
Ck.$N x Ck.#P* -.306 -.364 
Ck.fN x Ck.#P -.341 -.388 
N^  x Ck.#N .186 
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Table 20. (Continued) 
X variate r between X variate and: 
Agp 
<V sa> Ayield Yield (Y%) (Y4) 
N x Ck.gN .090 .199 .310 
P* x Ck.gN .406 
P x Ck.gN .503 .393 •3^ 3 
N x Ck.jgp .029 .26 7 
P x Ck.Jgp .388 .226 
Ck.0 x Pg* -.302 -.268 
Ck. yield 
-.235 -.379 
ficients (r) between the X variâtes of the curvilinear func­
tions are given in Table 21. There was little difference be­
tween the square root and quadratic functions of the variables 
p 
except that the R of the square root function of the soil 
test P variable was about 1.5#1 higher than that of the quad­
ratic function for all Y variâtes. However, the influence of 
the interactions with the other variables is not included in 
these comparisons since the linear correlations were calcu­
lated over all levels of the other variables. In this re­
spect, these comparisons are different from the preliminary 
fitting of a single nutrient variable to five different func-
*The difference in the R^  of two functions or models is 
expressed as the percent of the total sum of squares due to 
regression. This difference, therefore, is the absolute dif­
ference in percent between two R2, not a percentage change of 
one R in relation to the second R . 
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Table 21. Coefficients of multiple determination (R ) of 
the dependent variates (Y) on the single-variable 
square root and quadratic functions, coefficients 
of determination (r2) of the Y variates on the 
individual X variates and correlation coefficients 
(r) between the X variates 
Y variate 
A*P (Yx) 
(Ï,) 
X variates r12 rYl2 
CM i
3 
R2 
N*, N .9428 .0101 .0218 .0353 
N, N2 .9227 .0218 .0286 .0291 
P*, P .9559 .2994 .3234 .3236 
P, P2 • 9255 .3234 .2759 .3234 
ps*> ps .9784 .0615 .0469 .0774 
V ps2 .9183 .0469 .0225 .0621 
Ck.#P^ , Ck.gP .9958 .1652 .1600 .1679 
Ck.fP, Ck.gP2 .9851 .1600 .1431 .1686 
Ck.fN, Ck.gN2 .9953 .0369 .0361 .0370 
S, S2 .9929 .0020 .0017 .0024 
N*, N .9508 .0136 .0197 .0227 
N, N2 .9200 .0197 .0196 .0205 
P*, P .9646 .1047 .1004 .1050 
P, P2 •9273 .1004 .0746 .1035 
PS*. ps .9780 .0853 .0640 .1103 
ps' ps2 .9176 .0640 .0261 .0958 
*N, fa2 .9937 .3081 .2989 .3099 
Ck.#N, Ck.^ N2 .9953 .2428 .2397 .2429 
S, S2 .9929 .0002 .0010 .0022 
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Table 21. (Continued) 
Y variate X variates r12 rYl 
, z 
Y2 R 
H*, N .9428 .1312 .1580 .1594 
N, N2 .9227 .1580 .1431 .1589 
P*, P • 9559 .1392 .1802 .1927 
P, P2 .9255 .1802 .1989 .1999 
PS* ps 
.9784 .0337 .0262 .0411 
Ps> pg2 .9183 .0262 .0163 .0291 
Ck.#P*, Ck.#P .9958 .1863 .1777 .1945 
Ck.#P, Ck.^ P2 .9851 .1777 .1556 .1924 
Ck.JÈN, Ck.JÊN2 .9953 .0703 .0677 .0718 
CM CO CO 
.9929 .0113 .0113 .0114 
Yield (Y4) N*, N .9508 .0491 .0447 .0492 
N, N2 .9200 .0447 .0294 .0473 
P*, P .9646 .0650 .0612 .0650 
P, P2 .9273 .0612 .0449 .0635 
ps*« ps .9780 .0295 .0213 .0414 
Ps' P32 .9176 .0213 .0113 .0259 
.9976 .2750 .2639 .2965 
#N, ^ N2 .9937 .2639 .2402 .2970 
#P*, %? .9961 .3682 .3443 .4087 
$P, ^ P2 .9881 .3443 .2917 .4108 
S, S2 .9929 .0656 .0517 .1166 
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tions by Heady et al. (39) since they used the data for one 
variable at successive fixed levels of the other nutrient 
variable. 
The relative difference between a two-term curvilinear 
function of a variable and its single-term linear or trans­
formed variate, disregarding interaction effects, was approxi-
mated by comparing the R of the square root or quadratic 
2 function with the r of the linear, square root or squared 
term (Table 21). The curvilinear effects of N and P ferti­
lizer appeared to be small on all Y variates except the change 
in yield (Y^ ) where the curvilinear effect of P fertilizer 
appeared to be appreciable. Soil test P had an appreciable 
curvilinear effect on all Y variates. The percent N and per­
cent P in the leaf appeared to have a considerable curvilinear 
effect on the yield (Y^ ). The Check percent P appeared to 
have some curvilinear effect on change in percent P (Y^ ) and 
a considerable effect on change in yield (Y^ ). The Check 
percent N had little curvilinear effect on the three Y vari­
ates with which it was associated. Stand level had a large 
curvilinear effect on yield (Y^ ) but little effect on the 
other Y variates. 
However, the unconfounded curvilinear effects of the 
various variables may be different from these comparisons 
since the interaction effects are not considered and these 
estimated curvilinear effects are not independent of the line­
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ar and curvilinear effects of the other variables. An im­
perfection of the data in this study for predicting curviline­
ar effects in the population is the unequal frequency of the 
observations throughout the entire range. Since the deviations 
from linearity appeared to occur primarily at the extremes, 
the effect of the fewer observations at the extremes may be 
minimized by the larger number of observations near the mean. 
The square root and quadratic functions can be compared 
p 
most accurately by determining the R of the complete regres­
sion equation containing the square root functions and of the 
one containing quadratic functions. With 3 to 5 variables 
present whose effects may be curvilinear on the Y variates, 
the regression model could include all square root functions, 
all quadratic functions or any combination of the two func­
tions (mixed model). Testing all possible combinations would 
be time-consuming and costly and might show only small dif­
ferences unless the curvilinear effects were marked. However, 
the objective of including extra terms in the preliminary 
calculations in this study was to make at least some compari­
sons between the two types of functions in the complete re­
gression equations. 
In the regression of the yield (Y^ ) on selected variables, 
four variables and associated interaction terms were included 
in one model (designated as Square Root Model) as square root 
functions and in the other model (Quadratic Model) as quad-
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ratio functions. The soil test P variable was included as a 
square root function in both models on the basis of the previ­
ous comparisons (Table 21). The stand level variable was 
included as a quadratic function in both models since a square 
root variate was not included in the preliminary calculations. 
In addition, all squared X variates were eliminated from the 
Quadratic Model (Linear Model) in order to compare the preci­
sion of the curvilinear and linear functions. The models for 
the three regressions are given in Table 22. 
2 There was no difference between the R of the regression 
equation containing the square root and the one containing the 
quadratic functions of the four variables. The Linear Model, 
without the squared terms, accounted for only less of the 
variations in yield than the curvilinear models. Little dif­
ference between the square root and quadratic functions would 
be expected since the gain in precision was small due to fit­
ting the data to curvilinear functions. 
The comparison between the Square Root and Quadratic Mod­
els was complicated by computational difficulties. Because of 
the high correlations (the r^  in Table 21) between the two 
terms of the curvilinear functions, the calculated inverse matri 
ces of both models by the IEM 650 Computer were not symmetrical. 
However, the solution of the inverse matrix for the Quadratic 
Model was much more reasonable than that for the Square Root 
Model. For example, in the Square Root Model, some of the 
Cjj values in half of the inverse matrix were half or double 
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Table 22. Regression models used to compare the efficiency 
of the square root and quadratic functions and 
the curvilinear and linear functions 
variate, i = 
Regression of yield (Yv ) on the following X 
variates for the: 
Square Root Model Quadratic Model Linear Model 
1 N* N N 
2 N N2 -
3 pi P P 
4 P P2 -
5 N*P* NP NP 
6 P3* PS* Ps* 
7 PS ps -
8 Psub. Psub. 
p 
sub. 
9 P meth. 
p 
meth. 
p 
meth. 
10 S S S 
11 S2 s2 — 
12 x Ps^  
P* x Pg* 
Hx Ps* NX Pg* 
p* ps* 13 
p x Pg* 
14 fx 
15 -
16 *p #P 
17 ^P2 -
18 x $P& x %-p gN x #P 
R 0.7886 0.7890 0.7642 
R2 0.6219 0.6225 0.5839 
180 
the values in the other half and the partial regression co­
efficients calculated from the matrix in two different ways 
varied up to + 30/6. In the Quadratic Model, the c^ j values 
in the two halves of the matrix did not vary more than one 
in the fourth significant digit and the partial regression 
coefficients did not vary more than four in the fifth sig­
nificant digit of the eight digits carried in the IEM 650 
output. 
A high correlation between two separate variables in a 
regression analysis usually results in little gain by includ­
ing both in the regression equation. However, the high cor­
relation between terms of the square root or quadratic func­
tion is independent of the degree of deviation of the variable 
from linearity and is a function of the range in the observa­
tions of the variable. The variables with the highest cor­
relations between the terms, such as the stand level and Check 
percent N in the leaf (Table 21), had a narrow range of values 
with the highest ones being somewhat more than twice the low­
est values. Since the square roots of these values had a 
narrower range than the squares of the values, the correla­
tion coefficients were somewhat higher between the values and 
their square roots than between the values and the squares. 
The failure to obtain a symmetrical inverse matrix in the 
Square Root Model lies in the limitation of the particular 
program used with the IEM 650 Computer since this program for 
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the matrix Inversion carries only eight digits in addition 
to the two digits required for the floating decimal system. 
If more digits could be carried in the operations, less dif­
ficulty would be encountered with correlation coefficients 
between terms as high as the ones in this study. For example, 
a reasonable inverse matrix was obtained in the Quadratic 
Model whose three highest correlation coefficients were 
0.9937) 0.9881 and 0.9929* The inverse matrix was not sym­
metrical in the Square Root Model whose three highest ones 
were O.9976, 0.9961 and 0.9929* In future regression analyses 
of this type, coding the variables to extend their range and 
to reduce the correlation between the terms also should 
eliminate this difficulty. Increasing the observed range of 
the variables, when feasible, also will decrease the correla­
tion between the terms of the square root or quadratic func­
tions . 
From this preliminary study of the square root and quad­
ratic functions, the square root function for the soil test 
P variable and the quadratic functions for the other variables 
whose effects were believed to be curvilinear were selected 
for the regression models of the other dependent variates. 
However, much more research needs to be done on the selection 
of the curvilinear function for multiple curvilinear regres­
sion analyses, particularly if interaction terms with curvi­
linear components are included. 
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2. Change in the percent P 
For the regression of the change in the percent P in the 
corn leaf due to N and P fertilization (Y^ )\ the regression 
statistics of five multiple regression models were determined 
(Table 23). The multiple curvilinear regisssion model (desig­
nated Curvilinear Model) included 22 X variates. A linear 
multiple regression model (Linear Model) with 17 X variates 
was included to determine the value of the five curvilinear 
functions in estimating Y^ . 
The soil test P variates and leaf P variates were com­
pared for estimating Y^  in three multiple curvilinear regres­
sion models. In one comparison, the five variates associated 
with the soil test P level in the surface and 12 common vari­
ates (Soil Test P Model) were compared with five variates 
associated with the Check percent P level and the 12 common 
variates (Leaf P Model). In the third model (Leaf P Reduced 
Model), the Pgu^  variate was deleted from the Leaf P Model 
so that six variates associated with the soil test P level in 
the plow-layer and subsoil and 11 common variates could be 
compared with the five variates associated with the Check per­
cent P level and 11 common variates. The variates associated 
with the Soil Test P and Leaf P Models are given in Table 23• 
H^ereinafter, the symbols for the dependent (Y) variates 
and X variates as listed in Table 19 will be used when spe­
cific variates are being discussed. 
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Table 23. Multiple regression statistics for the regres­
sion models of the change in percent P in the 
corn leaf (Y^ ) on selected X variates 
Model Variate Equation* s(b^ )* t Sign. 
\ = a + E b^  level*» 
Curvi- -123.8e 
linear 
N +0.8026 Xx 0.1560 5.14 ** 
H2 -0.001678 Xg 0.000368 4.56 ** 
P +1.182 x3 0.1841 6.42 ** 
P2 -0.003396 x4 0.000650 5.22 ** 
HP +0.002202 X^ 0.000516 4.27 ** 
ps* +51.75 x6 16.00 3.23 ** 
Ps -1.937 Xy 2.008 0.96 0.34 
s^ub. —0.04670 Xg 0.1411 0.33 >0.50 
p 
meth. -2.694 Xg 2.258 1.19 0.24 
S +0.1576 X10 0.4708 0.34 >0.50 
N x Pg* +0.07031 x^  ^ 0.04318 1.63 0.11 
P x Pa* -0.2534 X12 0.05120 4.95 ** 
Ck.#K +66.23 X13 30.09 2.20 * 
Ck.gN2 +12.32 xl4 7.881 1.56 0.12 
Ck.$P -104.9 X^ 187.5 0.56 >0.50 
Ck.#>2 +2342.8 xl6 486.2 4.82 ** 
aValues of a, b^  and s(b^ ): x 10^ . 
S^ignificance probability level. 
cThis is a, the constant in the regression equation. 
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Table 23 • (Continued) 
Model Variate Equation* s(b1)* t Sign.b 
level0 
= a + 2Z bjX^  
Curvi­
linear 
Ck.^ N x Ck.fP -415.2 X^ y 106.2 3.91 ** 
N x Ck.^ N —0•l484 X^ q 0.05916 2.51 * 
P x Ck.#N +0.2410 X19 0.07692 3.13 ** 
N x Ck.#P -1.412 XgQ 0.6063 2.33 * 
P x Ck.#P -2.531 X21 0.7424 3.41 ** 
Ck.^ N x Ps* -15.96 Xgg 4.603 3.47 ** 
Linear -72.0e 
N +0.4666 Xx 0.1481 3.15 ** 
P +0.7427 x3 0.1717 4.33 ** 
NP +0.001796 X^  0.000545 3.30 ** 
ps* +38.99 x6 12.23 3.27 
** 
Psub. +0.03600 Xg 0.1488 0.24 >0.50 
p 
meth. -2.942 Xg 2.397 1.23 0.22 
S +0.05404 X10 0.4941 0.11 V
 O
 
is
 
HIP,,* +0.06903 X11 0.04576 1.51 0.14 
PxPs* -0.2475 \2 0.05416 4.57 ** 
Ck.#N +35.88 x13 14.10 2.54 ** 
Ck.#P +43.96 xl5 149.6 0.29 V 0
 
is
 
Ck.#N x Ck.fP -39.52 x17 51.18 0.77 0.44 
N x Ck.#N -0.1275 Xj^ Q 0.06093 2.09 * 
P x Ck.#N +0.2338 0.08172 2.86 ** 
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Table 23. (Continued) 
Model Variate Equation* s(b±)* t Sign.. 
level0 
= a + 
Linear 
N x Ck.J&P 
-I.333 %20 0.6397 2.08 * 
P x Ck.gP -2.229 x21 0.7896 2.82 ** 
Ck.gN x Pg* 
-14.35 %22 4.702 3.05 ** 
Soil 
Test P -52.4C 
N +0.5855 0.1653 3-54 ** 
N2 -0.001803 Xg 0.000396 4.55 ** 
P +1.125 x3 0.1986 5.66 ** 
P2 -0.002980 X^  0.000701 4.25 ** 
NP +0.002649 0.000549 4.82 ** 
PS* +14.86 X6 15.06 0.99 0.33 
ps +3.741 X? 2.021 1.85 0.0 7 
p 
sub. -O.2815 Xg 0.1449 1.94 
* 
p 
meth. -4.799 Xg 2.416 1.99 
* 
S +0.3174 x10 0.5070 0.63 >0.50 
Hi Ps* +0.02237 x11 0.03951 0.57 >0.50 
P 1 Pg* -0.3675 x12 0.04440 8.28 ** 
Ck.#N +33.15 29.30 1.13 0.26 
Ck.^ N2 -3.463 Xl4 5.534 0.63 >0.50 
N x Ck.fN -0.1642 Xig 0.05486 2.99 ** 
P x Ck.#N +0.0906 X^ g 0.06503 1.39 0.17 
Ck.#N x Pg* -10.97 X%2 4.591 2.39 * 
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Table 23. (Continued) 
Model Variate Equation* s(b,)* t Sign.^  
= a +Zbj%i level 
Leaf P -52.9C 
N +0.8258 Xx 0.1582 5.22 ** 
N2 -0.001735 Xg 0.000380 4.57 ** 
P +0.9078 Xg 0.1833 4.95 ** 
P2 -O.OO3188 X^  0.000673 4.74 ** 
NP +0.002310 X^  0.000530 4.36 ** 
Psube -O.O6247 Xg 0.1484 0.42 >0.50 
Pmeth. -O.1727 Xg 2.221 0.08 >0.50 
S +0.009019 X10 Q.4820 0.02 >0.50 
Ck.gN +31.55 X13 27.98 1.13 0.26 
Ck.^ N2 +15.46 X^ 4 8.048 1.92 0.06 
Ck.J&P +116.8 Xl5 171.2 0.68 0.50 
Ck.JÉP2 +2279.7 Xl6 484.4 4.71 ** 
Ck.#N x Ck.#P -473.7 X17 108.6 4.36 ** 
N x Ck.#N -0.1901 Xj^ q 0.06015 3.16 ** 
P x Ck.#N +0.3524 Xl9 0.07672 4.59 ** 
N x Ck.#P -0.5808 XgQ 0.5287 1.10 0.27 
P x Ck.#P -4.778 Xg^  0.6133 7.79 ** 
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The Pgub variate was considered a common variate in the 
comparison between the Soil Test P and Leaf P Models. If only 
the soil test P level in the plow-layer is available and the 
level in the subsoil must be estimated from the soil type 
mean, the Pgub variate should be considered a common variate 
when comparing soil test and leaf analysis methods for esti­
mating Y^ . For a more precise comparison of the soil test 
and leaf analysis methods, the Psub. variate should not be 
included with the leaf P variates. Therefore, this variate 
was deleted from the Leaf P Model and the regression statis­
tics of the remaining terms in the Leaf P Reduced Model re­
calculated according to the procedure given by Snedecor (74). 
Since soil test N variates were not included in this 
study, the Check percent N in the leaf was assumed to be an 
estimate of the N availability in the soil and was included 
with the common variates in the comparisons between the soil 
test P and leaf P levels. If the effect of the interaction 
between the soil test N and soil test P is much different from 
the effect of the one between the Check percent N in the leaf 
and soil test P, the comparisons between the soil test P and 
leaf P for predicting Y^  may be biased. 
The regression statistics of all the models except the 
Leaf P Reduced Model are given in Table 23 and include the 
regression equation, the partial regression coefficients, the 
standard errors of each regression coefficient, the t values 
188 
and the significance probability levels of the individual t 
values. The Leaf P Reduced Model was omitted since its re­
gression statistics were almost identical to those of the Leaf 
P Model. 
The multiple regression equations were calculated from: 
r r 
Y = Y + bi (X^ -X^ ) = a + jEZ bj%i , 
where a (the constant) = Y - ZI b^ X^  and the b^ , partial re­
gression coefficients, were obtained from the inverse matrix 
computed by the IBM 650 Computer from the input matrix of the 
sums of squares and cross products of the X^  and Y^  variates, 
corrected to the means. 
p 
The variance (s ) of the residual error, the sum of 
squares of the variations in Y not accounted for by the re­
gression of Y on the Xi variates, was obtained from: 
2 _ SSE 
~ n-r-1 ' 
where SSE is the residual error sum of squares obtained from 
the IBM 650 output and n-r-1 is the degrees of freedom associ­
ated with the residual error where n is the total number of 
observations and r is the number of X variates in the regres­
sion model. 
The standard errors of the partial regression coefficients, 
s(b^ ), were calculated from: 
s(b±) = (c^ s2)* , 
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where the values, Gaussian multipliers, were obtained from 
the inverse matrix. 
The null hypothesis that each of the partial regression 
coefficients equals zero, HQ: - 0, was tested by: 
* = > 
where |bj is the absolute value of the partial regression 
coefficient and the calculated t was compared with tabular t 
to determine the probability of obtaining as large or larger 
value of t by chance, given the null hypothesis. However, no 
significance probability level was established for acceptance 
of this hypothesis and deletion of the variate from the equa­
tion whose t value exceeded the established significance level 
It appears to be logical to retain the variate in the regres­
sion equation if its partial regression coefficient is equal 
to or greater than its standard error. In this study the 
probability of obtaining a t value equal to one by chance is 
O.32 or about one-third of the time. 
The fraction of the variations in the dependent variate 
o 
explained by regression on the X variates (R ) of each re­
gression equation was calculated from: 
r2 S^ SSB 
V y 
where SSR is the sum of squares due to regression. 
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The null hypothesis that all = 0 was tested by: 
f = 5 S| , 
rs 
with the calculated F compared with tabular F at r and n-r-1 
degrees of freedom. The sum of squares due to regression was 
highly significant in all five models (Table 24) with the R2 
of the individual models varying from 0.556 to 0.629» 
Table 24. Analyses of variance for the multiple regression 
models of the change in percent P in the corn 
leaf (Y^ ) on selected X variates 
Model Source of 
Variation 
d.f. S.S. M.S. F R R2 
Curvi­
linear 
Regression 
Error 
22 
451 
.33727 
.19883 
.015330 35** 
.000441 
.7932 .6291 
Linear Regression 
Error 
17 
456 
.30724 
.22886 
.018073 36** 
.000502 
-7570 .5731 
Soil 
Test P 
Regression 
Error 
17 
456 
.29831 
.23779 
.017548 34** 
.000521 
.7460 • 5564 
Leaf P Regression 
Error 
17 
456 
.31850 
.21760 
.018735 39** 
.000477 
.7708 .5941 
Leaf P 
Reduced 
Regression 
Error 
16 
457 
.31841 
.21769 
.019901 42** 
.000476 
-7707 .5939 
The significance of the reduction in the residual error 
by including additional variates in the multiple regression 
equation also can be tested. If the reduction in the error 
sum of squares due to the first k variates is called SSR^ , 
the added reduction due to the last (r - k) variates is 
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SSR - SSRjç. The null hypothesis, HQ: ^ r_k = 0, is tested 
by: 
SSR-SSRV 
F = -75 , 
s (r-k) 
with the calculated F compared with tabular F at r-k and n-r-1 
degrees of freedom. 
The added reduction in the residual error by including 
the five curvilinear variates (squared terms) was highly sig­
nificant (Table 25) and they gave an increase of 5*6$ in the 
2 R of the Curvilinear Model over that of the Linear Model. 
The added reduction of the five leaf P variates also was high-
2 ly significant, increasing the R of the Curvilinear Model 
over the Soil Test P Model by 7*3/6* Addition of the 5 or 6 
soil test P variates gave a highly significant reduction in 
2 the residual error with the R of the Curvilinear Model being 
3.5# higher than that of either the Leaf P or Leaf P Reduced 
Models. The R2 of the Leaf P Models (0.594) and of the Soil 
Test P Model (0.556) indicate that Y^  can be estimated with 
somewhat more precision from the leaf P composition than from 
the soil test P data although the highest precision occurs 
when both are included in the prediction equation. 
The deletion of the Psub variate had no effect on the 
R2 of the Leaf P model but did have a significant effect on 
the R2 of the Soil Test P Model (Table 25)* However, the R2 
of the Soil Test P Model was only reduced from 0.556 to 0.553 
by the deletion of this variate. When only one variate is 
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Table 25. Analyses of variance of the reduction in residual 
error due to curvilinear, leaf P and soil test P 
variates in the regressions of the change in per­
cent P in the corn leaf (Y1) on selected X vari­
ates 
Models Source of variation d.f• S.S. M.S. F 
Curvilinear Regression on 17 
vs. Linear variates 
Added reduction by 
5 curvilinear 
variates 
Error 
Curvilinear Regression on 17 
vs. Soil variates 
Test P Added reduction by 
5 leaf P variates 
Error 
Curvilinear Regression on 17 
vs. Leaf P variates 
Added reduction by 
5 soil test P 
variates 
Error 
Curvilinear Regression on 16 
vs. Leaf P variates 
Reduced Added reduction by 
6 soil test P 
variates 
Error 
Leaf P vs. 
Leaf P 
Reduced 
Soil Test 
P vs. Soil 
Test P 
Reduced 
Regression on 16 
variates 
Added reduction by 
Psub. varlate 
Error 
Regression on 16 
variates 
Added reduction by 
psub. varlate 
Error 
17 .307241 
5 .030026 .006005 13.6** 
451 .198832 .000441 
17 .298309 
5 .038958 .007792 17.6** 
451 .198832 .000441 
17 .318500 
5 .018767 .003753 8.5** 
451 .198832 .000441 
16 .318413 
6 .018854 .003142 7.1** 
451 .198832 .000i*4l 
16 .318413 
1 .000087 .000087 0.18 
456 .217599 .000477 
16 .296340 
1 .001969 .001969 3.78* 
456 .237790 .000521 
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deleted or added, the F test of the significance in Table 25 
is the same as the t test of the significance of the partial 
regression coefficient in Table 23. With only one degree of 
2 freedom, t = F, as is illustrated in the tests of signifi­
cance of the addition of the Pgub variate; the t and F values 
for this varlate were 0.42 and 0.18, respectively, in the Leaf 
P Model and were 1.94 and 3*78, respectively, in the Soil Test 
P Model. 
Since the highest linear correlation coefficient was be-
p 
tween Y^  and the P variate, whose r was 0.325 (Table 26), 
including other variates in the multiple regression equations 
gave a large gain in the precision in estimating Y^ . 
The significance levels of more than half of the partial 
regression coefficients were similar among the four models 
but those of some of the others varied widely (Table 23). 
Since there is little interest in the Linear Model except as 
a method of testing the value of the curvilinear functions, 
it will not be discussed further. If the 32% significance 
level is established as the level of acceptance of the null 
hypothesis that the population regression coefficients are 
zero, the variates whose t values of their partial regression 
coefficients are less than one may be deleted from the re­
gression equation. However, an exception to this procedure 
should be followed for the linear term in the quadratic func­
tion, particularly if it is a factor in some of the interac-
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Table 26. Linear correlation coefficients (r) between the 
X variates associated with both the change in per­
cent P (Y^ ) and change in yield (Y^ ) and between 
the X variates and Y^  and Y^  
X 
variate jj2 p NP 
X varlate 
"D "é" TD p p p 
s s sub. meth. 
N2 
P2 
NP, 
r psub. 
«meth. 
.92* .04 .21 .68 .06 .05 -.05 -.16 .00 
1.00 .17 .32 .72 .02 .01 -.09 -.17 .01 
1.00 «93 .64 —.O4 —.04 —.17 —.07 .02 
1.00 .72 —.05 —.03 —.17 —.10 .04 
1.00 .03 .02 -.12 -.16 .02 
1.00 .98 .10 -.14 -.03 
1.00 .08 —.14 —.04 
1.00 .23 .05 
1.00 -.10 
1.00 
X variate 
N2 
p2 
NP, $ 
psub. 
fmeth. 
HXPS* 
p % A 
Ck.#N% 
Ck.^ N2 
Ck.*P_ 
Ck.#p2 
N x P X Ck. Ck. Ck. Ck. Ck.#N x N x 
PS* 0 gN
2 %P JÊP2 Ck.#P Ck.# 
.91 .07 -.11 -.11 — .01 — .02 — .07 .97 
.83 .18 -.09 -.09 -.01 —. 01 -.05 .88 
.03 .88 -.04 —. 04 -.09 -.08 — .07 .03 
.18 .80 -.07 — .07 —. 10 -.09 — .09 .19 
.63 .59 — .08 —. 07 — .06 -.06 — .08 .66 
.36 •34 .04 .04 .45 .41 .28 .09 
.34 .33 .01 .00 .39 •36 .23 .07 
—. 02 -.12 .20 .19 .36 .38 •33 —. 01 
— .18 -.11 .07 .07 .11 .12 .11 -.15 
— .03 -.02 — «10 -.09 — .04 -.02 — .06 — .03 
1.00 .17 -.05 — .06 .14 .12 .05 .90 
1.00 .00 .00 .11 .10 .06 .08 
1.00 .995 .60 .58 .86 .08 
1.00 .60 .58 .86 .08 
1.00 .985 .91 .10 
1.00 .91 .09 
Number of observations = 474. Values of r larger than 
0.091 and 0.119 are significant at the % and 1% levels, re­
spectively. 
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Table 26. (Continued) 
X 
variate 
X variate 
N x 
Ps* 
P X 
13 £ 
Ck. Ck. Ck. Ch. Ch.J&N x N x 
#N gN2 $P JÉP2 Ck. #P Ck.#N 
Ck.^ N x Ck.#P 
H x Ck.f 
N2 
P2 
r sub. 
meth. 
N x  p4 P X Pg£ 
Ck.$N 
Ck.^ N2 
Ck.*P 
Ck.#p2 
Ck.#N x Ck.#P 
N x Ck.gN 
P x Ck.JÈN 
N x Ck.#P 
P x Ck.#P i 
Ck.^ N x Pg 
Ck. yield 
1.00 .10 
1.00 
X variate Y variate 
P X N x P X Ck.%N Ck. A*P Ayield 
Ck.^ N Ck.JbP Ck.%P 
x P8* yield 
(YX) <V 
.01 .95 .02 .02 —. 12 .15 .40 
.15 .88 .16 .00 -.12 .17 .38 
.96 .01 .93 -.05 —. 10 .57 .42 
.8? .16 .84 — .06 -.13 .52 .45 
.59 .62 .58 .00 -.12 .49 .58 
— .02 .17 .10 .87 .29 -.25 — .18 
— .02 .14 .08 .84 .25 -.22 — .16 
-.14 .03 -.09 .17 .29 -.21 -.21 
— .06 
-.13 — .04 -.12 .23 — .10 -.14 
— .01 - .03 -.02 -.05 .19 .04 .11 
.02 .94 .07 .29 .01 .06 .31 
.86 .08 .92 .29 .03 .34 .24 
.19 .02 .13 • 50 .58 -.19 — .26 
.19 .02 .13 • 50 • 56 -.19 — .26 
.05 .21 .20 .65 .62 — .40 -.42 
.05 .19 .20 .62 .57 — .38 -.39 
' .12 .13 .18 .64 .65 -.34 -.39 
.05 .96 .05 .13 .02 .09 .31 
1.00 .01 .96 .07 .05 .50 .34 
1.00 .06 .16 .03 .03 .27 
1.00 .15 • 08 •39 .23 
1.00 •49 
1.00 
-.30 
-.24 
-.27 
— .38 
tion terms. If the squared term or any of the interaction 
terms is significant, the linear variate should be retained in 
the regression equation although its t value may be less than 
one. 
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In all three models of interest, the partial regression 
coefficients of the N, N2, P, P2, NP, P x P^ , Ck.JÉP2, Ck.#N 
x Ck.^ P, N x Ck.#N, P x Ck.^ P and Ck.^ N x Pg^  variates were 
significant at the 5/6 level or less. The significance level 
of the other variates varied considerably among the three 
models. Many of these whose t values were less than one could 
be deleted from the equation in which they occurred with lit­
tle loss in precision in estimating Y^ . However, the linear 
variate in the curvilinear functions such as the Pg^  variate 
in the Soil Test P Model and the Ck.#P variate in the other 
two models should be retained although their t values were 
less than one. 
The t values of the partial regression coefficients were 
similar in the Curvilinear and Leaf P Models but those of 
several variates differed considerably in the Curvilinear and 
Soil Test P Models. These differences probably are due to 
the high correlation between the soil test P and leaf P vari­
ates (Table 26), both of which indicate the availability of 
the P in the soil. Thus, the effect of the P availability in 
A 
the soil on Y^  is split over both groups of variates. Dele­
tion of either set of variates, as in the Soil Test P and Leaf 
P Models, may change considerably the partial regression co­
efficients of the remaining variates and their significance 
levels. Since the leaf P variates had a more dominant effect 
A 
on Y^  than the soil test P variates as indicated by their 
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higher correlations with Y^ , the regression statistics of the 
Leaf P Model were more similar than those of the Soil Test P 
Model to the Curvilinear Model. 
The direction and rate of change in the dependent vari­
ate on increasing level of the X variate is of interest in 
these regressions. In a single-variable quadratic function, 
Y = a + b]X + bgX2, the signs of the coefficients show the 
slope and direction of change in Y with X. When the sign of 
bg is positive, the vertex, or point of zero slope when the 
axis of the parabola is parallel to the y-axis, is the minimum 
value. This curve shows a decreasing change in Y with X in 
the half with a negative slope and an increasing change in Y 
with X in the half with a positive slope. If the sign of b^  
is negative, both negative and positive slopes of the curve 
may occur with positive values of X; if b^  is positive, only 
a positive slope occurs with positive values of X. 
When the sign of b2 is negative, the vertex or zero 
slope is at the maximum value. This curve shows a decreasing 
change in Y with X in the half with a positive slope and an 
increasing change in Y with X in the half with a negative 
slope. If b^  is positive, both positive and negative slopes 
may occur with positive values of X; if b^  is negative, only 
negative slopes occur with positive values of X. 
In the preliminary investigations, the change in percent 
P (Y^ ) was shown as a single-variable function of various 
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factors . The Y^  as a function of the N and P fertilizer level 
had a positive slope with a decreasing change with level (Fig­
ures 9 and 14, Table 6). Therefore, its single-variable 
function on either N or P fertilizer level should have the 
form, Y = a + b-jX - bgX2. The change in percent P due to P 
fertilizer on soil test P and Check percent P levels had a 
negative slope with a decreasing change with level (Figures 
8 and 10). The change in percent P due to N fertilizer on 
Check percent N and Check percent P levels also was negative 
with a decreasing change with level (Figures 14 and 15)• 
These functions should have the form, Y = a - b^ X + bg%f. 
However, the change in percent P due to P fertilizer on the 
Check percent N level (Figure 11) and the change in percent 
P due to N fertilizer on the soil test P level (Figure 16) 
had slopes of opposite sign in the absence or presence of the 
other nutrient. In these cases, the Y^  was primarily a func­
tion of the interactions rather than of the single-variable 
curvilinear functions. 
However, in these multiple regression equations, it is 
much more difficult to determine the direction and rate of 
change of the dependent variate by varying one variable and 
keeping all others constant. Since varying degrees of cor­
relation existed among the variables (Table 26), it was im­
possible to vary one variable over a wide range and keep the 
variables constant with which it was correlated. Since inter-
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action terms also were included, the variates for the main 
effects were highly correlated with their interaction terms 
as well as with the interaction terms of other variates with 
which they were correlated. In such cases of high correla­
tions among variates, Anderson and Bancroft (1) stated that 
it is impossible to interpret one partial regression coef­
ficient as the change in Y when its X variate varies while 
holding the other X^  constant since some of these other X^  
may vary also. It may be impractical in some analyses to 
consider that any of the X^  can be held constant while some 
other one varies. In these cases, they concluded, the regres­
sion equation should be considered as a whole. 
In the regression equations containing interaction terms, 
the influence of one variable on the dependent variate is 
split into several parts: part is contributed by the regres­
sion coefficients of the curvilinear function of the main ef­
fect and parts are contributed by the regression coefficients 
of the interaction variates. Disregarding the correlation 
with other variables, Anderson and Bancroft (1) stated that 
A 
the change in Y when one variable varies is given by taking 
the partial derivative of Y with respect to that variable. 
A 
For example, the change in Y^ (z) in the Curvilinear Model 
with respect to Check percent P is given by: 
z =ack.£p " • bl5+ 2bl6 Ck*#P " B17 CKE^ N " B20N " B21P • 
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yx 
Therefore, the change in with respect to Check percent P 
(the slope at a particular point) varies with the Check per­
cent P, Check percent N, N fertilizer and P fertilizer levels. 
A 
The average value of the change in Y-j, is given by sub­
stituting the XjL means (Table 27) into the partial derivative 
equation: 
z = - 104.9 + 2(2343)(.232) - 415.2(2.46) - 1.412(52.6) 
- 2.531(49.5) 
= - 238.7 
The negative value of z (negative slope) shows that the direc­
tion of the change in Y^  on the Check percent P level is neg­
ative, at least at the mean level of the other variates with 
which it had interactions. Whether the slope is increasing 
or decreasing is determined by taking the second partial de­
rivative with respect to Check percent P. This was positive 
which shows that the slope is becoming less negative. There­
fore, the slope of Y^  on increasing level of Check percent P 
is negative and decreasing. If an attempt is made to deter­
mine the slope by taking the partial derivative of only the 
Ck.$P and Ck.^ P2 variates, disregarding the interactions, the 
result would be misleading since the partial derivative is 
positive for all relevant Check percent P values. 
Determining the direction and rate of change of the de­
pendent variates at varying levels of the associated X vari-
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Table 27• Ranges and means of the observed values of the 
variates included in the regression analyses 
Variate* Observations associated Observations associated 
with Y^  and Y^  (n=474) with Y^  and Y^  (n=574) 
Range Mean Range Mean 
N0 0 to 180 52.57 0 to 180 43.41 
IT 
P 0 to 160 49.54 0 to 160 40.91 
p2 
NP 0 to 25600 2678.3 0 to 25600 2211.7 
P* 0.71 to 4.24 1.95 0.71 to 4.24 1.96 
Pg 0.5 to 18.0 4.19 0.5 to 18.0 4.22 
Pe„H 0.5 to 30.0 4.30 0.5 to 30.0 4.46 
P®^ ?h 0 to 1 0.35 0 to 1 O.34 
S®exn* 8.8 to 19.3 12.73 8.8 to 19.3 12.75 
S2 77 to 372 — 77 to 372 167.20 
NxPs^ 0 to 477 104.39 0 to 477 86.20 
P x Psi" 0 to 379 95.67 0 to 379 79.00 
#3 — — 1.08 to 3.33 2.603 
%ir — — 1.17 to 11.09 6.925 
p  
#N x #P 
Ck.#N 1.49 to 3.23 2.462 1.49 to 3.23 2.471 
Ok. 2^ 2.22 to IO.43 6.243 2.22 to 10.43 6.288 
Ck.*P 
Ck.#P^  
Ck.#N x Ck.; 
N x Ck.^ N 0 to 547 127.20 0 to 547 105.04 
P x Ck.gN 0 to 367 121.36 0 to 367 100.21 
N x Ck.#P 
P x Ck.gP , 
Ck.^ N x Pg* 
Ck. yield 
Y-, - A#P 
Yp - — — 0.093 to 0.402 0.2590 
Yf - A yield -21.5 to 107.6 15.65 
YT - yield — — 8.1 to 133.4 85*78 
0 to 32400 5046.8 0 to 32400 
0 to 25600 3941.4 0 to 25600 
 —  
«• mm «• 
— — — — 
• — — • 0.093 to 0.402 
mm • — — 0.0086 to 0.1616 
— — —  —  0.148 to 1.216 
10
0.104 to 0.376 0.2320 — — 
0.0108 to 0.1414 0.0563 — — 
0.170 to 1.194 0.5838 —  —  
0 to 53.1 12.17 — * 
0 to 40.4 11.33 —— 
1.33 to 10.01 4.82 — — 
8.1 to 117.0 72.40 — —  
-O.O38 to 0.181 0.0306 — — 
 —•  — 
— — 
 —  
aUnits of the variates are given in Table 19» 
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ates is beyond the scope of this study. However, the direc­
tion and rate of change of the Y variates in the different 
models on the variables which were included as curvilinear 
functions will be determined at the mean values of the as­
sociated X variates as described above. 
In the three regression models of interest, the direction 
and rate of the change in Y^  on the N and P fertilizer levels 
were positive and decreasing. The average change in Y^  on 
soil test P level was negative in both models in which this 
variable was present; the slope was decreasing with level, as 
expected, in the Soil Test P Model but was increasing slowly 
in the Curvilinear Model. This effect in the Curvilinear 
Model is due to the correlation between the soil test P and 
the leaf P variates which was discussed previously. The av-
a 
erage change in Y^  on the Check percent N level varied among 
the models; in both the Curvilinear and Leaf P Models, the 
slope was positive and increasing at the mean levels of the 
associated X variates but the slope was negative at Check 
percent N values less than 2.32 and 2.29% in the Curvilinear 
and Leaf P Models, respectively. In the Soil Test P Model, 
the slope was negative and becoming more negative with level 
of Check percent N. In all models, the change in Y^  on Check 
percent N level was somewhat different than the preliminary 
investigations indicated. In the Curvilinear and Leaf P 
Models, the behavior may be explained by the high correlation 
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between the Check percent N and Check percent P variates 
(Table 26). The partial derivative of change in Y^  with 
respect to Check percent N level thus has little meaning be­
cause all of the Check percent P variates, except the inter­
action with Check percent N, were held constant which is an 
unrealistic situation. 
Although the significance of some of the interaction 
terms varied among the models, the signs of each of their 
regression coefficients were consistent among the models. 
The NP fertilizer interaction was positive as was shown re­
peatedly in the preliminary investigations. The N x soil test 
P interaction was positive in both the Curvilinear and Soil 
Test P Models but had no significance in the latter one; this 
positive effect was indicated in the preliminary investiga­
tions although the interaction was not appreciable (Figure 
16). The marked P x soil test P interaction was negative in 
both models as expected (Figure 10). The Check percent N x 
Check percent P interaction was negative, as would be ex-
a 
pected, since larger increases in Y^  would occur when both are 
at low levels than at high levels. The N x Check percent N 
interaction was negative in all models as indicated previous­
ly (Figure 15)• Although not shown clearly in the preliminary 
investigations (Figure 11), the P x Check percent N interac­
tion was positive in all models. The N x Check percent P and 
P x Check percent P interactions were negative in all models 
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as shown previously (Figures 8 and 14). The Check percent N 
x soil test P interaction was also negative in all models as 
would be expected. Along with many of these two-factor inter­
actions shown in the previous figures, three-factor interac­
tions of N x P with soil test P, Check percent N and Check 
percent P also appeared to be present. The effect of these 
A 
three-factor interactions on Y^  needs further study. 
The Psu^ e variate had little effect on Y1 except in the 
Soil Test P Model. Since this variate was highly correlated 
with the Check percent N, the Check percent P and their inter­
actions, its effect was accounted for by these variates in the 
Curvilinear and Leaf P Models. The Pme^ e variate also had 
little effect except in the Soil Test P Model although its 
effect was small. This effect was unexpected since plowed-
under application of P fertilizer increased the percent P more 
than disked-in application in the experiments which had meth­
ods comparisons (Table 10). 
In the use and interpretation of these multiple curvi­
linear regression equations, the relevant ranges of the X and 
Y variates from which the equations were derived must be con­
sidered. These ranges are given in Table 27* Extrapolating 
beyond the relevant ranges of the variables may result in a 
A 
marked increase in the standard error of the Y and a marked 
decrease in the accuracy of the Y. 
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2 The R of the regression equations for the change in 
percent P (Y^ ) (Table 24) were smaller by 1.2 to 8.5# than 
the comparable equations for the change in yield (Y^ ) (Table 
32). Most agronomists believe that plant composition and, 
particularly, total nutrient uptake (product of nutrient per­
centage and dry matter yield) give a better indication of the 
nutrient status of the plant than yield or yield increases. 
They believe that adverse factors may affect the yield more 
than the nutrient uptake. These opinions might be expected 
to apply in this study. The change in percent P at silking 
time was estimated, in part, from the leaf composition at the 
same stage of growth. However, the change in yield was esti­
mated, in part, from the leaf composition at silking but the 
change in yield was determined after maturity, about 50 days 
later. 
The comparison of the linear correlation coefficients of 
the change in percent P (Y^ ) and the change in yield (Y^ ) with 
the X variates (Table 26) does not explain the difference in 
O A A 
the R of the Y^  and Y^  regression equations since the dif­
ferences in the correlation coefficients with Y^  and Y^  usual-
2 ly were in the direction that would be expected. The R of 
the Soil Test P, Curvilinear and Leaf P Models for Yg were 
1.2, 6.8 and 8.5# higher, respectively, than the R2 of the 
corresponding models for Y^ . This indicates that the dif-
o 
ferences in the R are associated primarily with the leaf P 
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» A 
variates. It may be that Y^  is more affected than Y^  by 
other variables which were not included, such as the variety 
and weather immediately preceding the sampling. The effect 
of the three-factor interactions also may be more important 
in the precision of estimating Y^  than Y^ . Comparisons of 
the change in percent P in the corn leaf estimated from the 
regression equation with the observed value for each observa­
tion also may help to explain the lower precision in estimat­
ing the change in percent P than change in yield. 
This study shows clearly that predicting the change in 
the percent P in the corn leaf due to N and P fertilization 
is complicated by a complex interrelationship of many factors. 
It also points out the futility of trying to explain the 
changes in plant composition for the entire population from 
experiments in which one factor is varied and all others are 
held constant. 
3. Percent P 
Regressions of the percent P in the corn leaf at any 
level of N and P fertilization (Y2) on selected X variates 
were determined for three multiple regression models (Table 
28). The curvilinear multiple regression model (Curvilinear 
Model) included 17 X variates. In the second model (Curvi­
linear Reduced Model), the two variates of the percent N 
variable were deleted to determine how this variable affected 
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Table 28. Multiple regression statistics for the multiple 
regression models of the percent P in the corn 
leaf (Y2) on selected X variates 
Model Variate Equation8 s(b^ )a t Sign. 
Y2 = a + Z b±Xi levelb 
Curvilinear -139•5° 
N -0.2321 x1 0.3002 0.77 0.44 
N2 +0.000856 Xg 0.000593 1.44 0.16 
P +1.331 x3 0.2585 5.15 ** 
P2 -0.002065 X^  0.000964 2.14 * 
NP +0.000682 X^  0.000684 1.00 0.32 
*3*  +58.94 x6 11.77 5.01 ** 
ps -6.920 Xy 2.582 2.68 ** 
Psub. +1.125 Xg 0.1790 6.28 ** 
S +0.7493 x9 0.6422 1.17 0.25 
N x p /  +0.06373 x10 0.05314 1.20 0.23 
P x t*  -0.3044 x11 0.05640 5.40 ** 
0  +211.2 X%2 51.51 4.10 ** 
JÈK2 -34.19 x13 10.63 3.22 ** 
Ck.#N -58.08 Xl4 50.53 1.15 0.26 
Ck.fN2 +17.58 x15 10.37 1.70 0.09 
N x Ck.#N -0.01944 xl6 0.1001 0.19 >0.50 
P x Ck.#N -0.04260 X17 0.08606 0.50 >0.50 
aValues of a, b^  and s(b^ ): x 10^ . 
Significance probability level. 
cThis is a, the constant in the regression equation. 
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Table 28. (Continued) 
Model Variate Equation* s(bj)a t Sign.-u 
Tg = a leTel 
Curvilinear -69*02° 
Reduced 
N +0.9648 0.2129 4.53 ** 
N2 -0.000579 Xg 0.000545 1.06 0.29 
P +1.005 x3 0.2571 3.91 ** 
P2 -0.002593 0.000983 2.64 ** 
NP +0.001632 X^  0.000679 2.40 * 
P
.* 
+68.96 X^  11.90 5.80 ** 
Ps -8.994 Xy 2.614 3.44 ** 
Psub. +1.118 Xq 0.1832 6.10 ** 
S +0.5229 x9 0.6552 0.80 0.43 
N x Pe^  s +0.07331 X10 0.05215 1.41 0.17 
p X Ps* -0.2941 Xi;l 0.05716 5.14 ** 
Ck.#N +90.44 xl4 36.10 2.50 * 
Ck.^ N2 -4.451 xl5 7.221 0.62 V O
 
N x Ck.#N —0.4008 X^  0.07388 5.42 ** 
P x Ck.#N +0.07092 X17 0.08558 0.83 0.41 
-13.80e 
N +0.2393 Xx 0.2202 1.09 0.28 
P +0.7949 X3 0.2269 3.50 ** 
NP +0.000690 x^ 0.000608 1.13 0.26 
Ps* +28.68 X6 3.621 7.92 ** 
p 
sub. +1.165 x8 0.1814 6.42 ** 
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Table 28. (Continued) 
Model Variate Equation* s(b, )a t Sign., 
?2 = a +E blXl level 
Linear 
S +0.7261 X9 0.6445 1.13 0.26 
N x Ps* +0.03605 x10 0.05216 0.69 0.49 
P x P g *  -0.2448 X11 0.05614 4.36 ** 
#N +50.66 X^g 9.833 5.15 ** 
Ck.#N +21.81 xllf 10.46 2.01 * 
N x Ck.#N -0.1557 xl6 0.08371 1.86 0.07 
P x Ck.#N +0.04603 X17 0.08471 0.54 V 0
 
the regression coefficients of the other variates with which 
it was highly correlated. In the third model (Linear Model), 
five of the curvilinear variates (squared terms) were deleted 
from the Curvilinear Model in order to determine the value of 
the five curvilinear functions in estimating Yg. The Pmet^ s 
variate was deleted from the Curvilinear and Linear Models 
because of its confounding with other factors. Although the 
method of P application had a considerable effect on yield 
(Y^ ), it had little effect on the Yg since the R2 of both 
models were reduced by only 0.4# due to deletion of this vari­
ate. 
The regression of Yg on the X variates was highly sig­
nificant in all three models (Table 29)• The addition of the 
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Table 29. Analyses of variance for the multiple regression 
models of the percent P in the com leaf (Yp) on 
selected X variates 
Model Source of d.f. 
variation 
S.S. M.S. F 
Curvilinear Regression 17 .79040 .04649 44** .7564 • 5722 
Error 556 .59092 .00106 
Curvilinear Regression 15 .75759 .05051 45** .7406 .5484 
Reduced Error 558 .62373 .00112 
Linear Regression 12 .76209 .06351 58** .7428 .5517 
Error 561 .61923 .00110 
Curvilinear Regression 
vs. on 15 
Curvilinear variates 15 .75759 
Reduced Added re­
duction 
by per­
cent N 
variates 2 .03281 .01640 15** 
Error 556 .59092 .00106 
Curvilinear Regression 
vs. on 12 
Linear variates 12 .76209 
Added re­
duction 
by 5 
curvi­
linear 
variates 5 .02831 .00566 5.3** 
Error 556 .59092 .00106 
two variates for the percent N variable to the Curvilinear 
Model had a highly significant effect on the R2 although the 
increase in the R2 was only 2.4$. The addition of the curvi­
linear variates also had a highly significant effect but the 
R2 of the Curvilinear Model was only 2% higher than that of 
the Linear Model. Since the highest linear correlation of Yg 
was with the #N variate whose r2 was O.3O8 (Table 30), there 
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Table 30. Linear correlation coefficients (r) between the X 
variates associated with the percent P in the corn 
leaf (Yg) and between the X variates and Yg 
X X variate 
variate 
V 
h  
NP. K 
<, sub. S x 
N x P * 
ir P P2 NP V Ps Psub. s N x 
ps* 
.92* .23 •32 .70 .04 .03 —. 06 —. 01 .93 
1.00 .28 .38 • 73 .01 .01 —. 09 .00 .84 
1.00 .93 .65 — • 04 —. 04 — .16 .01 .21 
1.00 .74 -.05 -.04 — .16 .03 .29 
1.00 .02 .01 -.11 .01 .65 
1.00 .98 
1.00 
.10 
.09 
1.00 
-.02 
— .03 
.05 
1.00 
.29 
.27 
- .03 
-.03 
1.00 
X variate 
N2 
P2 
NP. 
t sub. 
N x Psi 
P x P«i 
#N2 
Ck.#N 
Ck.#N2 
N x Ck.#N 
P x Ck.#N 
P X $N S&N2 Ck. Ck. N x P X 
ps* 
#N N^2 Ck.#N Ck.#N (Yg) 
.24 .27 .25 -.11 -.11 .97 .20 .14 
.27 .20 .20 -.09 -.09 .89 .25 .14 
•90 -.03 —.03 —.05 -.05 .22 •97 .32 
.82 — .03 —.02 —.07 -.07 .30 .88 .27 
.62 .15 .15 -.08 — .08 .68 .61 .28 
.27 .10 .10 .02 .02 .06 -.03 .29 
.26 .06 .06 —.01 —. 02 .05 — .03 .25 
.11 .14 .14 .18 .18 —. 02 -.13 .24 
.03 -.12 -.11 -.11 -.09 —. 03 -.02 —. 01 
•31 .30 .30 -.06 —. 07 .92 .20 .22 
.00 .02 .02 -.02 — .02 .24 .89 • 35 
1.00 .994 .83 .83 .36 .11 .56 
1.00 .84 .85 .36 .12 .55 
1.00 .995 .05 .13 .49 
1.00 .05 
1.00 
.13 
.23 
1.00 
.49 
.20 
• 39 
Number of observations = 574. Values of r larger than 
0.084 and 0.110 are significant at the 5# and 1% levels, re­
spectively. 
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was a large gain in the precision of estimating Yg by includ­
ing other variates in the multiple regression equations. 
2 -è-The partial regression coefficients of the P, P , Pg8, 
P.f PgUk and P x Pg^  variates were significant at the 5# 
level or less in both the Curvilinear and Curvilinear Reduced 
Models (Table 28). Since there is little interest in the 
Linear Model except as a method of testing the value of the 
curvilinear functions and since its regression statistics were 
similar in most respects to the Curvilinear Model, it will not 
be discussed further. The significance levels of the N2, S, 
N x Pg^  and P x Ck.#N regression coefficients were similar in 
both models. The significance of the regression coefficients 
of the other variates varied considerably between the two 
models. Most of those whose t values were less than one 
could be deleted from the equations with little loss in pre­
cision in estimating Yg. However, the N variate in the Curvi­
linear Model should be retained. 
yx 
In both regression models, the change in Yg on P ferti­
lizer and soil test P levels was positive and decreasing at 
the means of the X variates in the partial derivative. These 
effects were indicated by the signs of their partial regres­
sion coefficients and also were shown in the preliminary in­
vestigations (Figures 9 and 18). The slope of Yg on the per­
cent N level in the Curvilinear Model was positive and de­
creasing. Since no interaction variates with percent N were 
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included, the signs of the regression coefficients of the #N 
and variates indicated the direction of the slope and 
/S 
change in slope of Yg* 
A 
In the Curvilinear Model, the slope of Yg on N fertilizer 
level was negative and becoming less negative at the means of 
the X variates in the partial derivative. The slope became 
zero at pounds of N, other X variates constant, and in-
A 
creased at higher levels. The slope of Yg on Check percent N 
level was positive and increasing. The behavior of both of 
these variables, which was contrary to what was found in the 
preliminary investigations (Table 6, Figure 19), appeared to 
be due to highly significant correlations among several of 
the X variates (Table 3°)• The N fertilizer was highly cor­
related with its interactions, interactions with P fertilizer 
and the percent N in the leaf at any N and P fertilizer treat­
ment. The Check percent N was highly correlated with its 
interactions and the percent N at any fertilizer treatment. 
The variates of the percent N variable then were deleted 
from the Curvilinear Model to determine how this variable af­
fected the regression coefficients of the other variates, such 
as the N fertilizer and Check percent N variates, with which 
it was highly correlated. Also, the equation of the Curvi­
linear Reduced Model avoids the duplication of the Check per­
cent N and percent N variates that occurs in the Curvilinear 
Model when the N and P levels are zero. 
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A 
The change in Yg on the N fertilizer and Check percent 
N levels was quite different after deleting the percent N 
variates. The slopes in both cases were positive and decreas­
ing as was shown in the preliminary investigations. The signs 
and significance levels of the regression coefficients of the 
N and Check percent N variates also were reversed in the two 
models. The low t values of the N2 and Ck.^ N2 variates in 
the Curvilinear Reduced Model indicated that the effect of 
A 
the N and Check percent N variables on Yg was primarily linear 
in the presence of interaction terms. 
The regression statistics of these two models illustrate 
the effect of a variable on the partial regression coefficients 
of other variables with which it is highly correlated. The 
difficulty in interpreting the effect of the variables on the 
dependent variate from their partial regression coefficients 
when they are correlated with other variables is also ap­
parent . 
The NP interaction was positive, as expected, although 
its significance was much greater in the Curvilinear Reduced 
than in the Curvilinear Model. The N x soil test P interac­
tion was positive but significant at only the 17 to 23# level. 
The positive effect was indicated in the preliminary investi­
gations although the interaction was not appreciable (Figure 
16). The P x soil test P interaction was negative as ex­
pected (Figure 10). The N x Check percent N interaction was 
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negative in both models as expected (Figure 15); however, it 
had no significance in the Curvilinear Model but was highly 
significant in the Curvilinear Reduced Model. The P x Check 
percent N interaction had little effect on Yg as expected 
(Figure 11). 
Although the linear correlation coefficient of Yg and 
stand level was zero, the partial regression coefficient in 
all models was positive but significant at only the 0.25 to 
0.43 levels. At a constant N level in the leaf or as nearly 
constant as is possible in view of the high correlation be­
tween the percent N and percent P in the leaf, these multiple 
regressions indicate that an increased stand level may have 
little effect on the percent P in the corn leaf. 
In summary, the percent P in the com leaf at any level 
of N and P fertilization, within the ranges used in this study 
(Table 27), can be predicted with reasonable precision from 
the variables included in these regression equations. The 
maximum R of the regression of the percent P on the selected 
X variates was 0.572. The percent P in the corn leaf also 
may be predicted without leaf composition data provided that 
soil test N data were available to substitute for the Check 
percent N data which were used to indicate the N availability 
in the soil. 
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4. Change in yield 
Regressions of the change in corn yield due to N and P 
fertilization (Y^ ) on selected X variates were determined for 
10 multiple regression models, eight of which are shown in 
Table 31» The multiple curvilinear regression model (desig­
nated Curvilinear Complete Model) included 23 X variates. A 
linear multiple regression model (Linear Complete Model) with 
18 X variates was included to determine the value of the five 
curvilinear functions in estimating Yg. 
The soil test P and leaf P variates were compared for 
estimating Y^  in several multiple curvilinear regression mod­
els. In one comparison the five variates associated with the 
soil test P level in the plow-layer and 13 common variates 
(Soil Test P Model) were compared with the five variates as­
sociated with the Check percent P level in the leaf and the 
13 common variates (Leaf P-I Model). In another model (Leaf 
P-II Model), the Pgu^  variate was deleted from the Leaf P-I 
Model so that the six soil test P variates and 12 common 
variates could be compared with the five leaf P variates and 
the 12 common variates. The Pgu^  variate was considered a 
common variate in the comparison between the Soil Test P and 
Leaf P-I Models for the cases where the soil test from only 
the plow-layer is available and the value of the Pgu^  variate 
is estimated. For a more precise comparison of the soil test 
P and leaf P variates in estimating Y^  when the value of the 
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Table 31. Multiple regression statistics for the multiple 
regression models of the change in com yield 
(Yg) on selected X variates 
Model Variate Ea nation s(bi) t Sign. 
= a + ZbiXi level* 
Curvi­
linear 
Com­
plete 
N 
H2 
-72.5b 
+0.5284 Xx 
-0.000872 Zg 
0.06416 
0.000151 
8.24 
5.78 
** 
** 
P +0.4186 X3 0.07582 5.52 ** 
P2 -0.001465 \ 0.000268 5.47 ** 
HP +0.001353 X? 0.000212 6.38 ** 
*.* +22.41 X6 6.64l 3-37 ** 
Ps -2.177 X? 0.8256 2.64 ** 
Psub. -0.02999 Xg 0.05812 0.52 >0.50 
p 
meth. +0.4024 Xg 0.9586 0.42 >0.50 
S +0.7602 X10 0.2194 3.46 ** 
* = P,* +0.05341 X^ 2 0.01779 3.00 ** 
P % Ps* -0.05772 0.02107 2.74 ** 
Ck.fN +40.12 X13 12.87 3.12 ** 
Ck.gN2 +3.156 X^ 4 3.368 0.94 0.35 
Ck.fP -48.91 78.41 0.62 >0.50 
Ck.J&P2 +1103.6 Xl6 211.6 5.22 ** 
Ck.#N z Ck.fP -185.9 X^  44.65 4.16 ** 
S^ignificance probability level. 
T^his is a, the constant in the regression equation. 
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Table 31. (Continued) 
Model Variate Equation s(b,) t Sign. 
Y, = . +E bjX, lOTel 
Curvi­
linear 
Com-
N x Ck.jCN -0.1647 X^g 0.02435 6.76 ** 
P x Ck.#N +0.1810 0.03169 5.71 ** 
N x Ck.#P 
-0.2213 XgO 0.2496 0.89 0.38 
P x Ck.#P 
-2.295 %21 0.3048 7-53 ** 
Ck.#N x Pg* -4.857 %22 1.926 2.52 * 
Ck. yield 
-0.1076 X23 0.03014 3-57 ** 
Curvi- -4?«9^  
linear 
Reduced N +0.5335 0.06498 8.21 ** 
N2 -0.000864 Xg 0.000155 5.57 ** 
P +0.4315 x3 0.07669 5.63 ** 
* -0.001460 X^ 0.000271 5-39 ** 
HP +0.001332 Xg 0.000215 6.20 ** 
+19.14 x6 6.664 2.87 ** 
ps -2.240 Xy 0.8363 2.68 ** 
Psub. -0.04154 Xg 0.05877 0.71 0.48 
p 
meth. -0.4888 Xg 0.9403 0.52 >0.50 
S +0.3907 x10 0.1961 1.99 * 
H x P , *  +0.05436 ^ 0.01798 3.02 ** 
P 
-0.05519 X%2 0.02133 2.59 ** 
Ck.#N +27.90 X]j 12.53 2.23 * 
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Table 31. (Continued) 
Model Variate Eauation s(b±) t Sign-
Y^  = a •+E'b1X^  level® 
Curvi­
linear 
Reduced 9 
Ck.jfir +6.420 X^  3.282 1.96 * 
Ck.#P -99.14 Xl5 78.11 1.27 0.21 
Ck.#?2 +1349.4 X^  202.5 6.66 ** 
Ck.#N x Ck.#P -218.8 x17 48.16 4.54 ** 
N x Ck.#N -0.1706 xl8 0.02464 6.92 ** 
P x Ck.#N +0.1738 x19 0.03204 5.42 ** 
N x Ck.#P 
-0.1837 £>0 0.2525 0.73 0.47 
P x Ck.#P 
-2.288 Xgi 0.3092 7.40 ** 
Ck.#N x Pg* -3-641 Xgs 1.917 1.90 0.06 
Linear 
Complete 
N 
-42.8* 
+0.3357 0.06246 5.38 ** 
P +0.2157 X3 0.07241 2.98 ** 
NP +0.001197 x^ 0.000229 5-23 ** 
V +10.25 x6 5.252 1.95 * 
Psub. +0.01930 Xg 0.06276 0.31 >0.50 
Pmeth. +0.6438 Xg 1.048 0.61 >0.50 
8 +0.8113 *±0 0.2298 3.53 ** 
HxP,* +0.05592 x11 0.01926 2.90 ** 
P = PS* -0.05417 xL2 0.02280 2.38 * 
Ck.#N +17.92 x13 6.353 2.82 ** 
Ck.#P +91.79 xl5 65.51 1.40 0.17 
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Table 31• (Continued) 
Model Variété Equation 
Y, = a +Z bj%i 
s(b±) Sign, 
level 
Linear 
Linear 
Ck.#N x Ck.#P -33.30 x1? 22.20 1.50 0.14 
N x Ck.#N -0.1442 Xj^Q 0.02585 5.58 *• 
P x Ck.$N +0.1788 x^ 0.03446 5.19 ** 
N x Ck.#P 
-0.2277 %g0 0.2698 0.84 0.^0 
P x Ck.$P -2.152 Xgi 0.3323 6.48 ** 
Ck.fN x Ps* -3.812 Xg2 2.010 1.90 0.06 
Ck. yield 
I 
-0.1405 Xg3 
-13.lb 
0.03076 4.57 ** 
I 
N +0.3555 xx 0.06366 5.58 ** 
P +0.2368 x3 0.07381 3.21 ** 
NP +0.001167 x^ 0.000234 4.99 ** 
P
.* 
+5.526 x6 5.260 1.05 0.29 
Psub. 
p 
meth. 
S 
+0.000068 Xq 
-0.6525 Xg 
+0.3636 X Q^ 
0.06397 
1.030 
0.2123 
0.00 
0.63 
1.71 
>0.50 
>0.50 
0.09 
Hi Ps* 40.05659 X11 0.01967 2.88 ** 
PxPs* -0.05103 Xj2 0.02328 2.19 * 
Ck.#N +7.534 2^ 3 6.060 1.24 0.22 
Ck.fP +9.167 64.32 0.14 >0.50 
Ck.#N x Ck.#P -8.797 X17 22.01 0.40 >0.50 
N x Ck.#N -0.1589 xl8 0.02619 6.07 ** 
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Table 31» (Continued) 
Model Variate Equation 
Y3 = a +5L'b1X1 
s(b%) Sign, 
level 
Linear 
Reduced 
Soil 
Test P 
P x Ck.JÉN +0.1688 X19 0.03513 4.80 ** 
N x Ck.#P 
-0.1467 XgO 0.2749 0.53 >0.50 
P x Ck.fP 
-2.1457 Xgi 0.3298 6.51 ** 
Ck.#N x Ps* -2.230 Xg2 2.021 1.10 0.27 
-66.9* 
N +0.4276 Xx 0.07169 5.96 ** 
N2 -0.000907 Xg 0.000172 5.27 ** 
P +0.4010 Xg 0.08621 4.65 ** 
P2 -0.001279 \ 0.000304 4.21 ** 
NP +0.001495 0.000238 6.28 ** 
V +11.99 X6 6.870 1.74 0.09 
ps +0.2821 Xy 0.8840 O.32 >0.50 
Psub. -0.1088 Xq 0.06321 1.72 0.09 
p 
meth. +0.4445 Xg 1.092 0.4l >0.50 
S +1.239 X10 0.2453 5.05 ** 
HxPg* +0.04593 X^ i 0.01716 2.68 ** 
PxPg* -0.1606 X^ g 0.01927 8.33 ** 
Ck.fN +40.09 X%3 13.62 2.94 ** 
Ck.fN2 -5.536 X^  ^ 2.483 2.23 * 
N x Ck.#N -0.1410 xl8 0.02379 5.93 ** 
P x Ck.#N +0.04258 X19 0.02828 1.51 0.14 
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Table 31• (Continued) 
Model Variate Equation s OU Sign. 
Y^ = a +Ebj%i level 
Ck.JÉN x Pg* -4.079 %22 2.059 1.98 * 
Ck. yield 
1 
-0.2128 X23 
-10.2* 
0.03154 6.75 ** 
1 
N +0.4286 0.07511 5.71 ** 
N2 -0.000898 Xg 0.000180 4.99 ** 
P +0.4268 Xg 0.09023 4.73 ** 
P2 -0.001218 X^ . 0.000319 3.82 ** 
NP +0.001477 X5 0.000249 5.93 ** 
-2.354 x6 6.845 0.34 >0.50 
Ps +1.065 Xy 0.9182 1.16 0.25 
Psub. -0.1556 Xg 0.06583 2.36 * 
Pmeth. -1.616 Xg 1.098 1.47 0.15 
S +0.5047 x^ 0.2304 2.19 * 
NxPs* +0.05142 X^ 0.01795 2.86 ** 
ft,1 -0.1566 X12 0.01988 7.88 ** 
Ck.#N +7.178 X^3 13-31 0.54 >0.50 
Ck.gH2 -1.245 X^  2.514 0.50 >0.50 
N x Ck.#N —0*1456 0.02491 5.84 ** 
P x Ck.#N +0.02783 X^ g 0.02954 0.94 0.35 
Ck.#N x Pg* -0.5444 Xgg 2.087 0.26 >0.50 
Soil 
Test P 
Soil 
Test P 
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Table 31* (Continued) 
Model Vàriate Equation 
»-«-+Eb1x1 
sd>±) Sign, 
level 
Leaf P 
I 
Leaf P 
I 
-40.2b 
N +0.5273 0.06437 8.19 ** 
N2 -0.000928 Xg 0.000154 6.03 ** 
P +0.3354 X3 0.07463 4.49 ** 
P2 -0.001403 X^ 0.000274 5.12 ** 
NP +0.001489 Xç 0.000216 6.89 ** 
Psub. -0.04713 Xg 0.05952 0.79 0.43 
p 
meth. +0.4879 X9 0.9399 0.52 >0.50 
S +0.6624 X^q 0.2181 3.04 ** 
Ck.gN +23.51 x13 11.62 2.02 * 
Ck.#f +4.654 X^ 3.370 1.38 0.17 
Ck./ÉP +58.05 X^^ 72.73 0.80 0.43 
Ck.^ P2 +961.1 Xl6 210.3 4.57 ** 
Ck.$N x Ck.^ P -195.5 X17 44.83 4.36 ** 
N x Ck./^ H -0.1720 xl8 0.02455 7.01 ** 
P x Ck.#N +0.2108 X19 0.03127 6.74 ** 
N x Ck.fP +0.2771 XgQ 0.2152 1.29 0.20 
P x Ck.#P -2.796 Xgi 0.2493 11.22 ** 
Ck. yield 
a 
-0.08979 Xg3 
-24.2* 
0.03009 2.98 ** 
1 
N +0.5370 x1 0.06484 8.28 ** 
N2 -0.000912 Xg 0.000155 5.88 ** 
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Table 31. (Continued) 
Model Variate Equation s(b1) t Sign. 
T, =«>Eb1I1 leTel 
Leaf P 
I 
Reduced 
p +0.3489 I3 0.07513 4.64 ** 
P2 -0.001398 \ 0.000276 5.06 ** 
NP +0.001463 Zg 0.000217 6.74 ** 
p 
sub. -0.05660 Xq 0.05995 0.94 0.35 
p 
meth. -0.2919 Xg 0.9104 0.32 >0.50 
S +0.3758 x^ o 0.1976 1.90 0.06 
Ck.JÊN +16.27 X]j 11.46 1.42 0.16 
Ck.JÉH2 +7.079 x^ . 3-299 2.15 * 
Ck.gP 
-5.296 X^ % 70.17 0.08 >0.50 
Ck.fP2 +1181.9 xl6 198.6 5.95 ** 
Ck.$K x Ck.#P -219.1 x1? 44.51 4.92 ** 
N x Ck.£N -0.1789 xl8 0.02465 7.26 ** 
P x Ck.jKN +0.2036 X]j 0.03145 6.47 ** 
N x Ck.*P +0.3127 Xgo 0.2167 1.44 0.16 
P x Ck.#P 
-2.769 X21 0.2514 11.01 ** 
PSub variate is available, the Soil Test P and Leaf P-II 
Models are more appropriate* 
Since the Check percent N in the leaf was assumed to be 
an estimate of the N availability in the soil, its variates 
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were Included as common variates in the comparisons between 
the soil test P and leaf P varia tes in estimating Yy 
The variate for the Check yield was included in the five 
previously-discussed regression models. Since the Check yield 
may not be known in many cases, alternative regressions with­
out this variate were calculated. The Check yield variate 
was deleted from each of the models according to the method 
given by Snedecor (74). The models without the Check yield 
variate were designated Reduced Models. 
The regression statistics of all the models except the 
Leaf P-II and Leaf P-II Reduced Models are given in Table 31. 
The deletion of the Pgu^ # variate from the Leaf P-I and Leaf 
P-I Reduced Models had very little effect on the R2 or the 
regression statistics of the corresponding Leaf P-II or Leaf 
P-II Reduced Models. 
The sum of squares due to regression was highly signifi-
cant in all regression models (Table 32) with the R of the 
individual equations varying from 0.568 to 0.705» Since the 
highest linear correlation of 7^  was with the NP variate whose 
r2 was O.336 (Table 26), there was a large gain in the preci­
sion of estimating Y^  due to the additional varlates. 
The added reduction in the residual error due to the five 
curvilinear variates (squared terms) was highly significant 
(Table 33) with the R2 of the Curvilinear Complete and Curvi­
linear Reduced Models being 6.0 and 6.8# higher than their 
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Table 32. Analyses of variance for the multiple regression 
models of the change in yield (Y%) on selected X 
variates 3 
Model Source of 
variation 
d.f. S.S. M.S. F R R2 
Curvilinear Regression 
Complete Error 
23 
450 
80196 
33559 
3486.8 
74.6 
47** .8396 .7050 
Curvilinear 
Reduced 
Regression 
Error 
22 
451 
79245 
34510 
3602.0 
76.5 
47** .8347 • 6966 
Linear 
Complete 
Regression 
Error 
18 
455 
73317 
40437 
4073.2 
88.9 
46** .8028 .6445 
Linear 
Reduced 
Regression 
Error 
17 
456 
71464 
42291 
4203.8 
92.7 
45** .7926 .6282 
Soil Test 
P 
Regression 
Error 
18 
455 
69118 
44637 
3839.9 
98.1 
39** .7795 .6076 
Soil Test 
P Reduced 
Regression 
Error 
17 
456 
64649 
49105 
3802.9 
107.7 
35** .7539 .5683 
Leaf P-I Regression 
Error 
18 
455 m 
4328.5 
78.8 
55** .8276 .6849 
Leaf P-I 
Reduced 
Regression 
Error 
17 
456 
77212 
36543 
4541.9 
80.1 
57** .8239 .6788 
Leaf P-II Regression 
Error 
17 
456 
77864 
35891 
4580.2 
78.7 
58** .8273 .6845 
Leaf P-II 
Reduced 
Regression 
Error 
16 
457 
77140 
36614 
4821.3 
80.1 
60** .8235 .6781 
corresponding linear models. The added reduction due to the 
2 five leaf P variates was also highly significant with the R 
of the Curvilinear Complete and Curvilinear Reduced Models 
being 9*7 and 12.8$ higher than the Soil Test P and Soil Test 
P Reduced Models, respectively. The added leaf P variates 
thus gave a large gain in the precision of estimating Yg and 
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Table 33* Analyses of variance of the reduction in the 
residual error due to the curvilinear, leaf P 
and soil test P variates in the multiple regres­
sions of the change in yield (YO on selected 
X variates  ^
Models Source of variation d.f• S.S. M.S. 
Curvilinear Regression on 18 
Complete vs. variates 
Linear Com- Added reduction by 
plete 5 curvilinear 
variates 
Error 
Curvilinear Regression on 17 
Reduced vs. variates 
Linear Re- Added reduction by 
duced 5 curvilinear 
variates 
Error 
Curvilinear Regression on 18 
Complete vs. variates 
Soil Test P Added reduction by 
5 leaf P variates 
Error 
Curvilinear Regression on 17 
Reduced vs. variates 
Soil Test P Added reduction by 
Reduced 5 leaf P variates 
Error 
Curvilinear Regression on 18 
Complete vs. variates 
Leaf P-I Added reduction by 
5 soil test P 
variates 
Error 
Curvilinear Regression on 17 
Reduced vs. variates 
Leaf P-I Added reduction by 
Reduced 5 soil test P 
variates 
Error 
18 73317 
5 6879 
450 33559 
17 71464 
5 7781 
451 34510 
18 69118 
5 11078 
450 33559 
17 64649 
t 5 14596 
451 34510 
18 77913 
5 2283 
450 33559 
17 77212 
, 5 2033 
451 34510 
137^ .8 18** 
1556.2 20** 
76.5 
2215.6 30** 
74.6 
2919.2 38** 
76.5 
456.6 6.1** 
74.6 
406.6 5.3** 
76.5 
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were more effective in the models without the Check yield 
variate. 
Although the added reduction due to the five soil test P 
variates was highly significant (Table 33)» the R2 of the 
Curvilinear Complete and Curvilinear Reduced Models were only 
2.0 and 1.8$ higher than the Leaf P-I and Leaf P-I Reduced 
Models. There was little difference between the Leaf P-I and 
Leaf P-II Models due to the deletion of the Pgu^ % variate as 
shown by the R2 (Table 32) or by the significance level of 
the partial regression coefficient of the Psu^ # variate in the 
Leaf P-I Models (Table 31)« 
The added reduction in the residual error due to the 
Check yield variate was highly significant in all models as 
shown by its highly significant partial regression coefficient. 
The R2 of the Curvilinear Complete, Linear Complete, Soil Test 
P, Leaf P-I and Leaf P-II Models were 0.8, 1.6, 3-9, 0.6 and 
0.6$ higher than in their respective Reduced Models. The gain 
in precision due to the addition of the Check yield variate 
thus was most marked in the Soil Test P Model. 
Considerably higher precision in estimating Y^  was ob­
tained from the leaf P variates than from the soil test P 
variates, particularly in the absence of the Check yield vari­
ate. The R2 of the Leaf P-II and Leaf P-II Reduced Models 
were 7*7 and 11.0$ higher than the Soil Test P and Soil Test 
P Reduced Models, respectively. These differences were some-
229 
p 
what less than in the comparison between the r of the yield 
o 
response to P fertilizer on soil test P level and the r of 
the yield response on the percent P in the leaf as shown in 
the preliminary investigations (Table 15)• The r2 of the 
yield response to N fertilizer and leaf N level also appeared 
to be appreciably higher than that of the yield response and 
soil test N level in the preliminary investigations (Table 
17)• Although no comparison of these two methods of estimat­
ing the N availability in the soil was included in these 
2  ^
multiple regression analyses, it appears that the R of Y^  
on both the leaf N and P levels may be up to 15 to 20# higher 
A 
than that of Y^  on the soil test N and P levels. 
The significance level of more than half of the partial 
regression coefficients was similar in all models but that of 
the others varied considerably among the different models. 
The significance levels are given in Table 31 and summarized 
in Table 3^ ' Since there is little interest in the Linear 
Complete and Linear Reduced Models, they will not be discussed 
further. The partial regression coefficients of the N, N2, 
P, P2, NP, S, N x Pg*, P x Pg*, Ck.fP2, Ck.#f x Ck.fP, N x 
Ck.#N, P x Ck.#P and Ck. yield variates were significant at 
the 5# level or less in the models in which they occurred. 
However, the significance level of the regression coefficients 
of the other variates varied widely among the models. Many 
of the variates whose significance level was greater than 0.32 
Table 34. Summary of the significance probability levels of the t values in the 
multiple regressions of on selected X variates 
Variate Significance probability level of the t values in 
following multiple regression models* 
the 
TT 
N- ** ** ** ** ** ** ** ** 
N2 ** ** _  _  __  ** ** ** 
P ** ** ** ** ** ** ** ** 
P2 ** ** • ee mm ** ** ** ** 
NP ** ** ** ** ** ** ** ** 
Ps* ** ** * 0.29 0.09 >0.50 am m» 
P8 ** ** mtmm •*  >0.50 0.25 w — 
Paub >0.50 0.48 >0.50 >0.50 0.09 * 0.43 0.35 nSUD• >0.50 >0.50 >0.50 >0.50 >0.50 o.i5 >0.50 >0.50 aUOVQ• 
** * ** 0.09 ** * ** 0.06 
N x P8t ** ** ** ** ** ** m^ 
P x P8* ** ** » * ** ** — —  — — 
Ck.#N_ ** * ** 0.22 ** >0.50 * 0.16 
Ck.jCN2 0.35 * ww * >0.50 0.17 * 
Ck.jP >0.50 0.21 0.17 >0.50 —— 0.43 >0.50 
Ck.#p2 ** ** «• mm ** ** 
Ck.#N X Ck.$P ** ** 0.14 >0.50 — —  — —  ** ** 
N x Ck.$N ** ** ** ** ** ** ** ** 
P x Ck.JÉH ** ** ** ** 0.14 0.35 ** ** 
N x Ck.#P 0.38 0.47 0.40 >0.50 — — 0.20 0.16 
P x Ck.#P i ** ** ** ** — mb — #* ** *• 
Ck.#N x P.* * 0.06 0.06 0.27 * >0.50 —— — * 
Ck. yield ** — —  ** — —  ** — —  ** —  —  
aThe multiple regression models are in the same numerical order as listed in 
Table 31• 
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could be deleted from the regression equations with little 
loss in precision in estimating Yy However, the linear vari­
ates such as the Pg^ , Ck.jÉN and Ck.#P variates in the curvi­
linear functions should be retained in the regression equa­
tions although their significance level was greater than 0.32. 
The significance level of all the regression coef­
ficients was similar in the Curvilinear Complete and Leaf P-I 
Models and in the Curvilinear Reduced and Leaf P-I Reduced 
Models. Addition of the soil test P variates thus had little 
effect on the significance level of the other regression co­
efficients in these models. However, the significance level 
of the regression coefficients of the Pg^ , Pg, Pg^  , Ck.#N, 
Ck.JÊN2, P x Ck.#N and Ck.#N x Pg^  variates varied widely be­
tween the Curvilinear and Soil Test P Models. The changes 
in the significance levels due to the addition of the leaf P 
variates were not always in the same direction nor were they 
the same in the models with the Check yield variate as in the 
Reduced Models. The significance of the Check percent N vari­
ates and interactions generally was higher in the Curvilinear 
Models than in the Soil Test P Models. This effect probably 
was due to the high correlation between the Check percent N 
and Check percent P variates (Table 26). 
The Pgube variate had no significance in the Curvilinear 
Models but was significant at the 5 to 9% levels in the Soil 
Test P Models. However, the deletion of the Pgu^ # variate 
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2 
only decreased the R of the Soil Test P and Soil Test P Re­
duced Models 0.3 and 0.5#» respectively. 
Deletion of the Check yield variate changed the signifi­
cance of some of the regression coefficients, particularly in 
the Soil Test P Models. In the Soil Test P Reduced Model, the 
significance of the Pg^ , Ck.#N, Ck.^ N2 and Ck.#N x Pg^  vari­
ates vas reduced from that of these variates in the Soil Test 
P Model. In the Curvilinear and Leaf P-I Models, deletion of 
the Check yield decreased the significance of the S and Ck.#N 
variates and increased the significance of the Ck.^ N2 variate. 
Considerable change in the regression coefficients due to de­
letion of the Check yield vould be expected because of high 
correlation betveen it and many of the other variates and, 
particularly, because many of the correlations betveen the 
other X variates and the Check yield vere of opposite sign to 
those betveen the X variates and Y^  (Table 26). 
The change in Y^  due to increasing level of the X vari­
ables is of interest in these regressions. In the preliminary 
investigations, the change in the yield response due to N or 
P fertilizer had a positive and decreasing slope vith increas­
ing levels (Figures 22, 24 and 30). Therefore, in these 
A 
single-variable functions, the change in Y^  should have the 
form, Y = a + b^ X - bgX2. The change in Yg due to P ferti­
lizer on the soil test P level (Figure 23) and the change in 
Y^  due to both N and P fertilizer on the Check percent P level 
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(Figures 21 and 26) had negative slopes with decreasing rates 
of change. These functions should have the form, Y = a - b-jX 
+ bgX2. The change In Y^  due to N fertilizer on Check percent 
N level had a negative slope but little deviation from linear­
ity (Figure 29). The change in Yg due to N fertilizer on the 
soil test P level (Figure 27) and the change in Y^  due to P fer­
tilizer on the Check percent N level (Figure 28) had slopes 
of opposite sign in the absence and presence of the other nu­
trient; in these cases, the change in Y^  was primarily a func­
tion of the interaction rather than of the single variable. 
As discussed in the section on the change in percent P 
(Y^ ), it is difficult to determine the direction and rate of 
change of the dependent variate in the multiple regression 
equations from the signs of the partial regression coeffi­
cients or by varying one variable and holding all others 
constant. The change in Y^  on the level of an X variable was 
investigated only at the means of the other variates in the 
partial derivatives; the method has been described previously. 
The partial regression coefficients of the variates in the 
different models are summarized In Table 35» 
The change in Y^  on N and P fertilizer levels was posi­
tive «nd decreasing over most of the relevant range in all of 
the regression models. The signs of the linear and squared 
variates in both the N and P quadratic functions were as ex­
pected. The slope of Y^  on the soil test P level was positive 
Table 35» Summary of the partial regression coefficients (b,) in the multiple 
regressions of Y^  on selected X variates ~ 
Variate 
b^  for the designated variate in the following multiple 
regressions* 
I T 
S2 
NPi 
P« 
psub. 
gmeth. 
i«fi 
P x Pj* 
Ck.#N, 
Ck.flT 
Ck.*P_ 
Ck.#P 
Ck.#N x Ck.fP 
N x Ck.JÉN 
P x Ck.fN 
N x Ck.fP 
P x Ck.*P i 
Ck.#N x P* 
Ck. yield* 
• 53 -53 oz 
-.00087 -.00086 
.42 
-.0015 
.0014 
22 
•43 ^  
-.0015 
.0013 
19 
.34 
.22 
.0012 
10 
•36 
.24 
.0012 
5.5 
.43 
-.00091 
.40 
-.0013 
.0015 
12 
.43 
-.00090 
.43 
-.0012 
.0015 
-2.4 
.53 
-.00093 
•34 
—.00l4 
.0015 
.54 
.00091 
•35 t 
.0014 
.0015 
-2.2 -2.2 w mm .28 1.1 • «w • mm 
-.030 -.042 .019 .0001 -.11 - .16 -.047 -057 
.40 
-.49 .64 - .65 .44 —1 *6 .49 -.29 
.76 .39 .81 .36 1.2 .50 .66 .38 
.053 .054 .056 .0 57 .046 .051 
-.058 -.055 -.054 -.051 — .16 -.16 — —  
40 28 18 7 .5  40 7.2 24 16 
3.2 6.4 —— 
-5.5 -1.2 4.7 7.1 
-49 % -99 92 9 .2  — mm 58 -5.3 
1104 1349 — — 961 1182 
-186 -219 
-33 -8~8 —  —  — — -196 -219 
- .16 
-.17 -.14 —. l6 —. 14 -.15 -.17 — .18 
.18 .17 .18 .17 .043 .028 .21 .20 
-.22 -.18 -.23 -.15 *•* .28 •32 
-2.3 -2.3 -2.2 -2.1 — — — «— —2.8 —2.8 
-4.9 -3*6 -3.8 -2.2 -4.1 -.54 — — 
-.11 -.14 — -.21 — .090 
a, The multiple regressions are in the same numerical order as listed in 
Table 31. 
V^alues less than 100 have been rounded to two significant digits. 
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and decreasing in the Curvilinear Complete and Curvilinear 
Reduced Models at the means of the associated X variates in 
the partial derivative. The curve reached a maximum at a 
soil test of about 5*5 pounds of P per acre in both models and 
vas negative with increasing slope thereafter. La the Soil 
A 
Test P and Soil Test P Reduced Models, the slopes of Y^ on 
soil test P level vere negative and becoming less negative 
as shovn in the preliminary investigations. The positive 
slope of Yg on soil test P level in the Curvilinear Models 
probably vas due to the correlation between the soil test P 
and leaf P variates vhich has been discussed previously. 
The change in Yg on the Check percent N level varied 
among the models. In the Curvilinear Complete, Curvilinear 
Reduced, Leaf P-I and Leaf P-I Reduced Models, the slopes vere 
positive and increasing at the means of the X variates in the 
partial derivatives. However, below Check percent ST values 
of 1.94 to 2.39%» the slopes were negative as expected. In 
A 
the Soil Test P Models, the slopes of Y^ were negative and 
becoming more negative at the means of the X variates. How­
ever, the slope was positive and decreasing in the Soil Test 
P Model at Check percent H values up to 2,b2$ but the slope 
in the Soil Test P Reduced Model was negative at all relevant 
A 
values of the Check percent H. These changes in Y^ on the 
Check percent H level, however, are influenced by the high 
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correlation between the Check percent N and Check percent P 
levels. 
A 
The slope of Yg on the Check percent P level in all 
models was negative and decreasing. These effects over most 
of the relevant range were similar to those in the preliminary 
investigations. 
Although the significance of some of the interaction 
A 
terms on Y^ varied among the models, the signs of each of the 
regression coefficients of the interactions, except those of 
the N x Check percent P interaction, were the same in all 
models (Table 35)• The HP interaction was positive as has 
been shown repeatedly. The N x soil test P interaction was 
positive in all models although it was positive without P and 
negative with P fertiliser in the preliminary investigations 
(Figure 27) • The P x soil test P interaction was negative 
in all models as expected (Figure 23) • Its effect was the 
largest in the Soil Test P Models. The Check percent N x 
Check percent P interaction was negative in all models. As 
expected (Figures 28 and 29), the N x Check percent H inter­
action was negative in all models. The P x Check percent N 
interaction was positive although in the preliminary investi­
gations its effect was not marked (Figure 28). The differ­
ences in the signs of the H x Check percent P Interaction 
among the models have little significance since the confidence 
intervals would include both positive and negative values 
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where the t values were less than one. This interaction which 
was negative only in the leaf P Models also appeared to be 
negative in the preliminary investigations (Figure 26). The 
P x Check percent P interaction was negative in all models as 
indicated previously (Figure 21). The Check percent H x soil 
test P interaction also was negative in all models. 
The small effect of the Psube variate, particularly in 
the Soil Test P Models, was unexpected in view of its effect 
shown in the preliminary investigations (Figure 25) • Since 
the Psubi variate was highly correlated with the leaf N and 
P variates (Table 26), its effect was largely accounted for 
by the leaf P variates in the models containing these vari­
âtes. As discussed previously, the yield response to P fer­
tilizer has varied between two broad groups of soils. With 
one exception, the soil test P in the subsoil was lower in 
the soils with higher responses than in the soils with the 
lower yield responses. This exception was the soils of the 
Carrlngton-Clyde Area whose soil test P In the subsoil is 
generally low but whose responses to P fertilizer are similar 
to those soils with higher levels of soil test P in the sub­
soil. 
The availability of the P in the subîoll needs to be 
studied in more detail. The experiments from the Car ring ton-
Clyde Area may be removed from the observations in this study 
to determine the effect of this variable on the rest of the 
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soils in the state where its effect appears to be more pro­
nounced. The factors responsible for the different behavior 
to P fertilization in the Carrington-Clyde soils need to be 
determined and Included in the multiple regression models. 
This information is particularly necessary for predicting 
responses to fertiliser based on soil tests. It is less 
necessary if the predictions are based on leaf composition 
since the leaf composition appears to reflect the availability 
of the P throughout the soil profile and from different 
sources within the soil. 
The small effect of the P*@th. variate in the regression 
equations also was unexpected. It was significantly cor­
related with the N fertilizer level, soil test P level in the 
plow-layer and subsoil, Check percent P level, most of the 
interactions involving these variables and the Check yield 
(Table 26). These significant correlations indicate that the 
method of P application was confounded with other variables. 
This confounding was discussed in the preliminary investiga­
tions in the relationship between yield and method of applica­
tion. The standard errors of the partial regression coef­
ficients for the P^eth. variate also were large in relation 
to the values used for this variate. 
The effect of the method of application on 7^ also needs 
to be determined by omitting the experiments from the 
Carrington-Clyde, Fayette and Fayette-Downs Areas and calcu-
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la ting new regressions. Com in these areas nay respond dif­
ferently to the different methods of P application than com 
in the rest of the state. These differences nay he associated 
with climatic factors such as better-distributed rainfall and 
lower evapo-transpiration losses. The less rapid drying of 
the plow-layer may increase the availability of the disked-
in P fertilizer. The climatic factors may be responsible for 
the apparently different effects of both the Pg^ and 
variates in the soils of Northeastern Iowa. If conditions 
are more favorable for the utilization of disked-in P ferti­
lizer near the surface by the com, the com also may utilize 
more of the P in the plow-layer and from organic sources and 
thus have less dependence on the P in the subsoil. 
The maximum R2 of the regressions of 3^ on the X vari­
ates was 70.5$. Since there have been no similar studies 
using several variables and data from many experiments over 
different soils and seasons to predict yield responses to 
fertilization, the precision of these regression equations 
cannot be compared with others. In most of the studies of 
yield response on a single level of a variable which have 
included a number of experiments on different soils and over 
different seasons, the linear or multiple correlation coef-
2 2 ficirots usually have been 0*5 to 0,6 (an r or B of 25 to 
36%). 
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Additional research on the data in this study may in­
crease the precision in estimating the yield responses* The 
estimated changes in yield from the regression equation for 
all observations should be compared with the actual yield 
responses since the deviations may indicate how the precision 
of the yield predictions may be improved. The standard errors 
of the regression coefficients also need to be studied to 
determine the sources of the deviations not explained by re­
gression. 
Many of the figures in the preliminary investigations 
indicated the presence of three-factor interactions among N 
ancl P fertilizer and the soil test P, Check percent N and 
Check percent P levels and interaction terms involving com­
ponents other than linear x linear terms. The added reduc­
tion in the residual error due to addition of these variates 
should be determined. Some of the variables such as the soil 
test P in the subsoil and the Check yield should be included 
as curvilinear functions. Stand x fertilizer level interac­
tions and Check yield x fertilizer level interactions also 
should be included in any additional studies. Since the soil 
o 
test P variates added to the Leaf P Models Increased the B 
about 2#, the addition of soil test N variates may give a 
similar increase in the precision. The addition of K ferti­
lizer, soil test K and leaf K variables plus all of their 
interactions with the other variables will increase markedly 
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the practical value of the yield response equations although 
the precision may not be increased greatly. 
The addition of climatic variables should give a con­
siderable gain in the precision. The use of these variables 
will allow all of the data to be included and will help to 
predict yield responses to fertilizer for various moisture 
conditions based on probabilities of occurrence. From the 
number of additional variates that may be added to the re­
gression models and the studies needed on some of the variates 
that were included, it is apparent that this research is only 
in the preliminary stages. 
Economic analyses may be applied to the yield response 
functions developed in this study to determine the economic 
optima of com fertilization with H and P fertilizers at any 
H and P leaf composition level, soil test P level and stand 
level. If the soil test N values had been available and in­
cluded, the economic analyses of a soil test model could have 
been made and adapted for immediate use. However, the theory 
of the economic analyses may be extended by using the H and 
P contents in the com leaf as estimates of the availability 
of the V and P in the soil. 
The major objective of recent fertilizer research has 
been to determine the yield functions of two or three variable 
nutrients so that the economic optima of fertilizer use may 
be determined. The number of these experiments, however, has 
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been few. The utilization of these few experiments in the 
economic decisions involving fertilizer use for a wide range 
of conditions thus becomes of interest. Since many fertiliser 
experiments have been conducted in Iowa in the last decade, 
the data from these may be combined with the economic studies 
to determine the yield functions for a wider range of condi­
tions. Since most of the fertilizer experiments had low to 
medium rates of two or three nutrients and quite often only 
two levels of the nutrients, some have thought that they are 
of little value in determining the economics of fertilization. 
The results of this study may be used to test this concept. 
Another method of combining the fertilizer experiments 
designed for economic studies is to consider also the avail­
ability of the nutrients in the soil. A generalized yield 
function has been projected with individual experiments being 
considered a part of this yield function. Jensen (42) has 
reviewed the literature on this concept and has extended the 
theory for a generalized yield function based on the estimated 
nutrient levels in the soil and the nutrients applied. There 
has been considerable discussion about this approach and some 
research is in progress but little has been published to date. 
Many experiments were combined in this study by multiple 
regression analysis with the assumption that all were a part 
of a general yield response function. It was also assumed 
that the relationship of the Individual experiments to the 
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general yield response function could be defined by the avail­
ability of the N and P in the soil as indicated by leaf compo­
sition and soil test levels, by the interactions among ferti­
lizer, leaf composition and soil test levels and by miscel­
laneous factors such as stand level and Check yield. Since 
the yield responses of the various fertilizer treatments vere 
calculated from the Check yield, any error in the estimation 
of the Check yield affected all of the yield responses in an 
experiment. Hovever, these errors should be normally and in­
dependently distributed in the large number of experiments 
and thus should not introduce any bias. These errors vill 
increase the residual error, but in viev of the high R2 of 
these regressions and vith the chance of further reduction 
of the residual error by adding other X variates, the errors 
in the yield responses due to the method by vhich they vere 
calculated do not appear to be large. 
A limitation in the data used in this study vas the un­
equal frequency of the observations of the X variates through­
out the relevant ranges. The levels of N and P fertilizer 
vere concentrated in the low to medium ranges. The leaf 
composition data vere concentrated in the medium to high 
levels vith too few observations in the very lov to low levels. 
Too fev observations also occurred at the higher stand levels. 
The relevant ranges of the X variates should be considered in 
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using the regression equations. These and the means of the 
I variates are given In Table 27. 
The yield response regression equations need to be 
checked against the experiments with a wide range in ferti­
lizer levels to determine how well they predict the yield 
responses. For example, in the corn experiment reported by 
Heady et a^. (39), the estimated yield responses due to 80, 
160, 240 and 320 pounds each of N and PgO^ were 55*7, 93*7, 
119*4 and 132.2 bushels per acre, respectively. These esti­
mates from the Curvilinear Complete Model are increases above 
the Check yield of 15.4 bushels per acre. The predicted 
yield responses from the yield function derived by Heady et 
al. (39) were 101.6, 125.3» 136.1 and 140.4 bushels for the 
same treatments based on the predicted Check yield of -5.7 
bushels per acre. The yield responses estimated from the re­
gression equation In this study, at least at the lower levels, 
are much more reasonable for economic planning than those 
estimated from the yield function derived from this experi­
ment. 
The rates of N and PgO^ that gave a zero yield response, 
or maximum yield, in this same experiment were estimated from 
the Curvilinear Complete Model to be 405 pounds of N and 350 
pounds of P20ç. From their yield function, Heady et al. (39) 
predicted that the maximum yield occurred at 398 pounds of N 
and 337 pounds of P20^. Since the maximum fertilizer levels 
245 
In this study were 180 pounds of H and l60 pounds of PgO^, 
the estimated yield responses beyond the relevant ranges ap­
pear to be reasonable. 
Sitiee corn leaf composition has never been used to pre­
dict responses to fertilizer, further research is needed to 
determine the validity of these yield response regression 
equations. Although the maximum R2 vas 70)6, the yield re­
sponse predictions need to be checked over a wide range of 
conditions to determine if the equation applies to the popu­
lation with equal precision and to determine the extent of the 
bias in the yield estimates. This can be done by using a few 
fertilizer treatments on many locations for several years and 
by selecting the X variates to cover the relevant ranges. 
The yield responses predicted from the leaf composition and 
other variates thus can be compared with the actual yield 
p 
responses to determine the R of these yield response func­
tions. This study also will help to determine on which soils 
the prediction equations are most suitable and will give in­
formation where further improvements or refinements are needed 
most. 
Since the leaf composition of the corn in one year may 
be used to predict the yield responses to fertilization in the 
next several years, the precision of the predicted yield re­
sponses one or more years later also needs to be determined. 
This brings up the problem of studying the year-to-year vari­
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ations In the leaf composition to determine how they affect 
the precision of the yield response predictions. The P and 
K composition may he relatively constant in the same field 
from year to year but the H composition will vary with manage­
ment practices. In this respect, the use of the H composition 
in the leaf will be no different from the use of N soil tests. 
For a given soil test N level, the recommended rates of H 
must be adjusted for recent legume crops, manure, H residual 
effects, crop sequence and management level. These same fac­
tors also must be considered in recommending rates of N fer­
tilizer in the succeeding years from the leaf N data. 
The final problem in using thé corn leaf composition is 
to predict the responses of other crops in the rotation to 
fertilizer. This presents no complex problem since the rela­
tionship between the profitable fertilization of com and that 
of the other crops in the rotation is fairly well established. 
5. Yield 
Regressions of the com yield at any level of N and P 
fertilization (Y^) on selected X variates were determined for 
four multiple regression models (Table 36). The curvilinear 
multiple regression model (Curvilinear Complete Model) included 
17 X variates. In the linear multiple regression model (Line­
ar Complete Model), the squared variates in the curvilinear 
functions of six variables were deleted to determine the value 
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Table 36. Multiple regression statistics for the multiple 
regression models of the corn yield (YL) on 
selected X variates 
Model Variété Equation fl.Oh) t Sign.. 
s a + Z biXJL level 
Curvilinear h 
Complete -255*2 
* -0.05115 0.0587© O.87 0.38 
H2 -O.OOO319 Xg 0.000244 1.31 0.19 
P +0.2798 Xg 0.07935 3-53 ** 
P2 -0.000780 X^  0.000453 1.72 0.09 
HP +0.000561 X^  0.000305 1.84 0.07 
Ps* -5.310 X6 5.572 0.95 0.34 
P8 +1.798 Xy 1.192 1.51 0.14 
psub. +0.1238 Xg 0.08470 1.46 0.15 
S +12.06 Xg 2.482 4.86 ** 
S2 -O.3173 X^ Q 0.09094 3.49 ** 
H x P8* +0.04601 X^  ^ 0.02333 1.97 * 
P x Pg* -0.07110 1^ 2 0.02794 2.54 * 
$V +104.4 X^  16.20 6.45 ** 
jftl2 -22.27 X^  4.428 5.03 ** 
%? +543.6 X^  112.0 4.85 ** 
%P2 -1326.3 3^ 5 266.0 4.99 ** 
%W x %? +104.2 X1? 57*66 1.81 0.08 
^Significance probability level. 
*This is a, the constant in the regression equation. 
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Table 36. (Continued) 
Model Tàriàte 
% 
Equation 
as a > 
'•<*4) Sign, 
level 
Linear -l89«7b 
Complete H -0.1198 X^  0.04892 2.45 * 
P +0.2698 x3 0.05642 4.78 ** 
HP +O.OOO323 Xg 0.000284 1.14 0.26 
V +2.868 X$ 1.782 1.61 0.11 
p 
sub. +0.2029 Xq 0.08815 2.30 
* 
S +3.310 Xç 0.3048 10.86 ** 
» X P g *  +0.06137 Xj^  0.02376 2.58 ** 
p I rs* -0.09469 X12 0.02641 3-59 ** 
+74.13 X^  7.627 9.72 ** 
+682.9 x%2 80.03 8.53 ** 
jttl z %? -215.2 x17 30.32 7.10 ** 
Curvilinear -244.4^  
Leaf S +11.16 Xg 2.511 4.45 ** 
S2 -0.3023 X^Q 0.09195 3.29 ** 
+93.11 x13 15.57 5.98 ** 
-24.06 ^  4.414 5.45 ** 
3KP +641.0 X^  108.1 5-93 ** 
*P2 -1763.2 xl6 244.3 7.22 *• 
x +174.1 x17 56.92 3.06 ** 
Linear -179.9^  
Leaf S +3.354 x9 0.3141 10.68 ** 
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Table 36. (Continued) 
Model Tàriàte Equation s(b±) t Sign. 
= a + Eb^ leTel 
Leaf 
+67.72 Z12 7.743 8.75 
$P +715.7 ^ 5 81.57 8.77 
gH x *P -202.6 X^  31.15 6.50 
** 
** 
** 
of the curvilinear functions• In both of these models, the 
Pmeth. variate was deleted according to Snedecor (74) because 
its effect appeared to be confounded vlth other factors not 
included in the models. The deletion of this variate decreased 
the R of the Curvilinear and Linear Complete Models by 1.6 
and 2.4$, respectively (Tables 22 and 37). 
Table 37. Analyses of variance for the multiple regression 
models of the yield (7^) on selected X variates 
Model Source of 
variation 
d.f. s.s. M.S. 7 R B* 
Curvilinear Regression 
Complete Error & 189395 122705 11141 50** 221 .7790 .6068 
Linear Regression 
Complete Error 
H
 CM 174788 
137311 
158<K> 65** .7484 .5600 
Curvilinear Regression 
Leaf Error 
7 
566 
179142 
132957 
25592 109** 
235 
.7576 .5740 
Linear Regression 
Leaf Error 
4 
569 
162175 
149924 
40544 154** 
263 
.7209 .5196 
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In the other two models, all of the variates were deleted 
except those for stand level and the M and P leaf composition. 
The stand level was included since it can be determined easily 
at the time of leaf sampling. The curvilinear multiple re­
gression model (Curvilinear Leaf Model) included seven X vari­
âtes and the linear multiple regression model (Linear Leaf 
Model) included four X variates (Table 36). 
The regression of yield on the X variates was highly sig­
nificant in all models with the R2 varying from 0*520 to 0.607 
among the models (Table 37)• The added reduction in the re­
sidual error by including three variates for curvilinear func­
tions in the Curvilinear Leaf Model and six variates in the 
Curvilinear Complete Model was highly significant in both 
cases (Table 38). The increase in the R2 was 4.7# for the 
six curvilinear variates in the Curvilinear Complete Model 
and 5.4$ for the three variates in the Curvilinear Leaf Model. 
Most of the gain from the curvilinear functions appeared to 
be due to those of the stand level and leaf N and P variables. 
Although the R2 of the Leaf Models were within 3*3 to 
4.0$ of those of the Complete Models, the added reduction in 
the residual error due to the additional variâtes was highly 
significant in both the Curvilinear and Linear Complete Models 
(Table 38). Since the maximum r2 of yield on a single variate 
was 0.367 (Table 39), the additional variates in the multiple 
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Table 38. Analyses of variance of the reduction in the 
residual error due to curvilinear variates and 
variates in addition to the leaf and stand level 
variates in the multiple regressions of the 
yield (Y^) on selected X variates 
Models Source of variation d.f• S.S. M.S. 
Curvilinear Regression on 11 variates 
Complete vs. Added reduction by 6 
Linear curvilinear variates 
Complete Error 
Curvilinear 
Leaf vs. 
Linear Leaf 
Curvilinear 
Complete vs. 
Curvilinear 
Leaf 
Regression on 4 variates 
Added reduction by 3 
curvilinear variates 
Error 
Regression on 7 variates 
Added reduction by 10 
variates other than 
leaf and stand 
Error 
Linear Regression on 4 variates 
Complete vs. Added reduction by 7 
Linear Leaf variates other than 
leaf and stand 
Error 
11 174788 
6 14607 
556 122705 
4 162175 
3 16967 
566 132957 
7 179142 
10 10253 
556 122705 
4 162175 
2434 11.0** 
221 
5656 24.1** 
235 
1025 
221 
4.6** 
7 12613 1802 
562 137311 244 
7.4** 
regression gave a considerable increase in the precision in 
estimating yield. 
The significance level of the partial regression coef­
ficients (Table 36) varied widely in the Curvilinear Complete 
Model with the N and Pg^ variates having t values less than 
one. They should be retained in the regression equation, 
however. In the Linear Complete Model, the partial regression 
coefficients were significant at the 0.26 level or less. All 
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Table 39* Linear correlation coefficients (r) between the X 
variates associated with the yield (TO and be­
tween the X variates and Y^ 
X X variâte 
varlate N2 p p2 HP V V Psub. s s* 
.04 .03 — .06 -.01 -.01 
.01 .01 -.09 .00 .00 
-.04 — .04 — .16 .01 .00 
-.05 -.04 — .16 .03 .03 
.02 .01 -.11 .01 .01 
1.00 .98 .10 -.02 -.02 
1.00 .09 -.03 -.02 
1.00 •05 
1.00 
.04 
.993 
1.00 
N» .92* .23 .32 .70 
1r 1.00 .28 .38 .73 
P0 1.00 .93 .65 Pz 1.00 .74 
HP, 1.00 
h «sub. 
I2 
X variate 
Ix Pi )ffl <w2 wr- €v>2 %V x Yield 
* *p *p *P (Y4) P/ Ps 
H. .93 .24 .27 .25 .14 .14 .21 .21 
H2 .84 .27 .20 .20 .14 .iV .19 .17 
P. .21 .90 -.03 -.03 .32 .31 .19 .25 
P2 .29 .82 -.03 -.02 .27 .28 .17 .21 
BP, .65 .62 .15 .15 .28 .27 .25 .28 
p * .29 .27 .10 .10 .29 .27 .23 .17 
P* .27 .26 .06 .06 .25 .23 .18 .15 
P:_h -.03 -.11 .14 .14 .24 .24 .23 .16 
S?UDe -.03 -.03 -.12 -.11 -.01 -.01 -.06 .26 
S2 1 -.03 -.03 -.14 -.13 -.03 -.02 -.08 .23 
N x P* 1.00 .31 .30 .30 .22 .21 .28 .27 
P x P:* 1.00 .02 .02 .35 .35 .24 .25 
%K9 1.00 .994 .56 .53 .84 .51 %àr 1.00 .55 .53 .84 .49 
%pP i.oo .99 .91 .59 1.00 .90 .54 
x %P 1.00 .61 
*Number of observations = 574. Values of r larger than 
0.084 and 0.110 are significant at the 5$ and 1% levels, re­
spectively. 
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regression coefficients were significant at the 0.01 level or 
less in the Curvilinear and Linear Leaf Models. 
The change in the estimated yield on H fertilizer, P 
fertilizer, stand, percent N and percent P levels in the 
Curvilinear Complete Model was positive and decreasing at the 
means of the other variates in the partial derivatives. The 
A 
slope of Y^ on stand, percent N and percent P levels was also 
positive and decreasing in the Curvilinear Leaf Model. The 
A 
slope of Y^ appeared to be positive over most of the relevant 
ranges of these variables. These effects also were shown in 
the preliminary investigations (Figures 22, 30, 31» 32 and 
3^). Although the regression coefficients of both of the H 
fertilizer variates were negative in the Curvilinear Complete 
Model, the slope of Y^ on N level was positive due to the in­
fluence of the NP and N z Pg^ Interaction variates. Since N 
and P levels were highly correlated with the percent N and 
percent P levels (Table 39), part of the fertilizer effect on 
yield also will be reflected by the leaf composition variates 
which have a dominant effect in these regressions. 
The slope of Y^ on the soil test P level in the Curvi­
linear Complete Model was negative and decreasing at the means 
of the I variates in the partial derivative. This effect, 
contrary to the relationship in the preliminary investigations 
(Figure 33), has been observed before when both soil test P 
and leaf P variates were present. It probably is due to the 
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correlation between the soil test P and percent P in the leaf 
(Table 39), both of which indicate the availability of the P 
in the soil. 
The MP, H x soil test P and P x soil test P interactions 
appear to be exerting similar effects on yield as were deter­
mined in the preliminary investigations (Figures 23, 27 and 
33)• The variate whose effect differed the most among the 
models was the percent N x percent P interaction whose partial 
regression coefficient was negative in the Linear Models and 
positive in the Curvilinear Models. In the Linear Models, 
this negative interaction forces the slope of the estimated 
yield curve to decrease with increasing levels of leaf N and 
P; the yield thus becomes a curvilinear function of the leaf 
N and P levels. Since the linear correlation between the 
percent N and percent P is high (r = 0.56, Table 39), the 
percent N x percent P interaction has, in part, the charac­
teristics of a squared term in a quadratic function. In the 
Curvilinear Models, the percent N x percent P interaction was 
positive as expected in its relationship with the curvilinear 
function of both variables. 
The maximum percentage of the yield variations accounted 
for by regression on the X variates was 60.7$. An additional 
1.6$ was gained by including the variate for the method of P 
application but it was confounded with fall plowing, soil area 
and climatic factors. Another variable that should be in-
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eluded, although there was little indication of its Importance 
in these data (Figure 3*0, is the fertilizer x stand level 
interaction. The N and P availability in the soil z stand 
level interactions also may significantly increase the pre­
cision of the yield prediction. Including K fertilizer, soil 
test K and leaf K levels and their interactions with the other 
variables will increase markedly the usefulness of the yield 
prediction equation although the effect of increasing the R2 
above the present level may not be large. The largest gain 
in the precision in the yield prediction will come from the 
addition of climatic variables since they are a large source 
of variation in com yields. The addition of all of these 
variables into a curvilinear multiple regression equation 
could double to triple the number of X variates and, of 
course, increase markedly the computational problems and the 
time and cost of obtaining the regression equations. 
6. Critical levels, nutrient balance and luxury consumption 
The relationships of the estimated yield to the N and 
P concentrations in the com leaf were determined from the 
curvilinear multiple regression equations in order to study 
the critical N and P levels, nutrient balance and luxury con­
sumption. These relationships were calculated from the re­
gression statistics of the Curvilinear Leaf Model (Table 36). 
The estimated yield was a curvilinear function of the stand, 
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percent N and percent P levels and also was a function of the 
percent H x percent P interaction; all variates in the equa­
tion gave a highly significant reduction in the residual er­
ror. 
The partial derivatives of Y^ with respect to the per­
cent N and percent P levels were first calculated as follows * 
d \  
= 93-11 - 48.120 + 174.1$P and 
= 641.0 - 3526.4JÉP + 174.1# . 
A Hence, the slope of Y^ on the percent N level varied not only 
with the percent N level but also with the percent P level 
because of the significant interaction between the two. Like­
wise, the slope of Y^ on the percent P level varied with both 
the leaf N and P levels. 
The N and P concentrations in the leaf at maximum yield 
were determined by setting the partial derivatives equal to 
zero and solving the two simultaneous equations. The N and 
P percentages at the maximum yield were 3*16 and 0*338$, re­
spectively. The partial derivative of Y^ with respect to 
stand level indicated that the maximum yield occurred at a 
stand of 17*42 (17,420 stalks per acre). Substituting the 
stand, percent N and percent P values at maximum yield into 
the regression equation of the Curvilinear Leaf Model, the 
maximum yield was found to be 113-5 bushels per acre. The 
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relationships between the percent N and percent P in the corn 
leaf at 75, 90, 95 and 97# of the maximum yield or 85*1, 102.2, 
107*8 and 110.1 bushels per acre, respectively, were then 
calculated from the regression equation. For each yield 
level, the stand level value at the maximum yield was substi­
tuted for the stand level variates and the percent N values 
were determined by substituting in successive values for the 
percent P variates and solving the quadratic equations. 
For the Curvilinear Complete Model (Table 36), the stand 
level, percent N and percent P at maximum yield were calcu­
lated in a similar manner and were found to be 19,000 stalks 
per acre, 3*11# N and 0«327#P* The maximum yield at the above 
values of the stand, percent N and percent P levels and at 
the mean levels of the other variates in the regression equa­
tion was also 113*5 bushels per acre. Hence, the relationship 
of yield with the leaf N and P levels in the Curvilinear 
Complete Model was similar to that in the Curvilinear Leaf 
Model. 
The relationships between the N and P concentrations in 
the leaf at the five yield levels, as derived from the Curvi­
linear Leaf Model, are shown in Figure 35* The figure is 
analogous in most respects to the "contour maps" of the fer-
tlllzer-crop response relationships presented by Heady et al. 
(39). The isoquants (lines connecting points of equal yield) 
for yield levels below the maximum show that equal yields may 
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Figure 35» Yield isoquants for 75» 90 , 95 and 97# of the 
maximum yield, i.e., 85*1, 102.2, 107.8 and 110.1 
bushels per acre, respectively, showing combina­
tions of N and P concentrations in the corn leaf 
for the specified estimated yields (ends of the 
curves give the limits in the observations) 
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occur for widely varying ratios of H and P in the corn leaf. 
The lsoquant at the maximum yield reduces to a point; only at 
the maximum yield is the ratio of the percent N and percent 
P constant. Along any lsoquant, the rate of substitution of 
the percent N for percent P occurs at a diminishing rate with­
in the ridge lines. The ridge lines connect the points on the 
isoquants having zero rates of substitution. Since the area 
between the ridge lines is considered the "rational" area in 
fertilizer use, this area is also designated the "rational" 
area for the N and P concentrations in the leaf. However, 
the relevant ranges of the observations of the N and P con­
tents in the leaf extend considerably beyond the ridge lines 
into the area which is designated the "irrational" area. 
This concept of the relationship of yield to the percent 
H and percent P levels appears to verify the economic ap­
proach to the yield response functions of fertilization de­
veloped by Heady et al. (39)• They expressed nutrient com­
binations in terms of their substitution or replacement rates 
since similar yield increases could be obtained with different 
combinations. However, they were not certain whether It, P 
and K could substitute for each other in the chemical process­
es of the plant or that the terms substitution or replacement 
rates represented an entirely accurate physiological concept. 
The results from this study appear to verify their approach 
as being logically and physiologically correct. Since the 
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concentrations of N and P in the leaf may vary for any given 
yield level below the maximum yield, substitution of one for 
the other thus appears to occur,at least Indirectly, in the 
physiological processes in the plant. 
This concept of the yield-nutrient concentration rela­
tionship, as outlined here, affects markedly the prevailing 
concepts on critical nutrient percentages or levels, nutrient 
balance and luxury consumption of nutrients. The critical 
nutrient percentage has been defined several ways. Macy (52) 
defined it as the transition from the "poverty adjustment" 
to the "luxury consumption" region, a sharp point in his 
method of expressing the yield-nutrient concentration rela­
tionship. Ulrich (85) defined the critical nutrient concen­
tration as that narrow range of concentrations at which 
growth rate or yield first begins to decrease in comparison 
to plants at a higher nutrient level. Others including Tyner 
(81) have defined it as that concentration which is just ade­
quate for maximum growth. He first proposed tentative crit­
ical levels in the corn leaf of 2.9# N and 0.295# P* Recent­
ly, Tyner et al. (82) stated that these levels had been 
established definitely although there has been no research 
published to that effect. Bennett et al. (4) assumed that 
the critical levels were approximately attained at 95# of the 
maximum yield and found that the critical IV level varied from 
2.6 to 3.1# in individual experiments. They questioned wheth­
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er a definite critical level of N existed. A more practical 
concept of the critical percentage is that level in the plant 
below which fertilization is profitable. However, this level 
will vary with different crop:fertilizer and nutrient «nutrient 
price ratios. 
The relationships in Figure 35 illustrate the first dif­
ficulty in defining a critical nutrient level. As is charac­
teristic of yield response functions, the rate of change in 
the slope of the estimated yield on the percent N and percent 
P levels decreases more slowly as the maximum yield is ap­
proached. Hence, there is a broad range in the percent N and 
percent P values from the maximum yield to 97 or 95$ of the 
maximum yield. The second difficulty in defining the critical 
level is that the level of the percent N for a given percent­
age of maximum yield varies with the level of the percent P 
in the leaf. For example, along the 110.1 bushel isoquant 
(97# of maximum yield) and within the rational area, the 
critical percentage of N increases from 2.74 to 2.99# as the 
critical percentage of P decreases from 0.315 to 0.290#. If 
the percentage of one of the nutrients is held constant at a 
lower level and the percentage of the other varied, the 
critical percentage and the maximum yield occur at lower 
levels. For example, if the percent P is held constant at 
0.25# and the percent N is increased above 2.0#, the yield 
will be increased from 85 bushels to a maximum of 102 bushels. 
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The maximum yield occurs at the intersection of the given 
percent P level and the ridge line and at a N percentage of 
2.84$. The H level at 97# of this 102 bushel maximum yield 
thus will be considerably lower and about 2.6#. 
In the determination of the critical percentages, one 
nutrient has been varied and the others have been held at high 
and constant levels in practically all experiments. Only 
O Lundegardh (49) considered that the critical level of one 
nutrient, and the yield responses to be expected from addition 
of this nutrient, varied with levels of other nutrients. He 
used an "interference factor", but at only three discrete 
levels, in his yield response equations to compensate for the 
level of a second nutrient. Pfelffer et al. (62) and Macy 
(52) claimed that the critical percentages were largely in­
dependent of the levels of other growth factors. Ulrich (86) 
found that the relationship between yield and concentration 
varied with the level of the second nutrient In pot culture 
studies and also recognized that critical levels were influ­
enced by soil, climate, stage of development and other nutri­
ents. However, he did not believe that the effects of these 
factors were large enough to alter interpretation of critical 
levels under field conditions. The results from this study 
appear to be ample evidence to question the concepts of Macy 
(52), Ulrich (84, 86 and 87) and Tyner (81) who have con­
sidered the critical level as a point or a narrow range of 
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•alues. Their concepts appear to be only a special ease in 
the general relationship between yield and nutrient concentra­
tion. This special case is that the critical nutrient level 
becomes a sharply-defined point or narrow range of values 
only at or very near to the maximum yield and all other fac­
tors must be at their appropriate values to give this maximum 
yield. Any change in the value of any other factor thus 
changes the maximum yield and the critical level of the nutri­
ent in question. 
This concept of the relationship of yield to the N and P 
leaf levels may be extended to include all other factors which 
have significant interactions with the N and P leaf composi­
tion. The data in Table 1 show that yield is a function of 
the percent P x percent K interaction and probably is also a 
function of the percent H x percent K interaction. Stand 
level also may enter into these relationships although its 
» - interactions with leaf N or P levels were not included in 
these yield regressions. Nicholson and Pesek1, Spies (75) 
and ELlis et gl. (27) reported that the critical N level was 
lowered by moisture deficiency. Hence, the critical nutrient 
level appears to include a wide range of values depending how 
it is defined and upon levels of all other factors which have 
interactions with the specified nutrient. It also appears 
^Nicholson, R. P. and Pesek, J. T. Unpublished data. 
Iowa Agr. Exp. Sta. Private communication. 1957. 
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that the term "critical percentage or level" is a misnomer; 
some other term should be used in referring to these nutrient 
levels. 
The area and isoquants outside of the area bounded by the 
ridge lines in Figure 35 appear to be of agronomic and eco­
nomic interest. Although the leaf H and P levels of the 
majority of the observations fell within the rational area, 
about 11# occurred above and 20# occurred to the right of this 
area. In the yield-leaf composition relationship determined 
from the Curvilinear Complete Model, the distribution of the 
observations on both sides of the rational area appeared to 
be about equal. Most of the observations in the irrational 
area fell in the zone between 90# of maximum yield and the 
maximum yield. 
If the yield relationships with the leaf N and P levels 
in the irrational area behave as shown by the isoquants, i.e. 
the marginal rate of substitution is positive, the effect of 
fertilization of com whose leaf N and P contents lie in this 
irrational area may be quite different from fertilization of 
com in the rational area. For example, if the N and P con­
centration of the leaf lies beyond the right ridge line, ap­
plication of N fertilizer which Increases the N content but 
has no effect on the P content will decrease the yield. If 
the H fertilizer increases the N content and the P content 
slightly or if rates of both H and P fertilizer increase the 
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leaf V and P contents to the extent that the levels of each 
remain on the same Isoquant, there will be no change in yield. 
If P fertilizer increases the leaf P content, the yield will 
be increased and it will be Increased somewhat more if there 
is also a slight decrease in the leaf N level. Farther in­
vestigation of the fertilization of corn whose Check percent 
N and P contents lie in the irrational area is needed. 
The relationship of yield to leaf N and P levels (Figure 
35) also applies to the concepts on nutrient balance. The 
balance between the N and P contents in the leaf appears to 
be critical only at yields near the maximum and becomes less 
critical as the yield decreases. Within the rational area, 
the N-P balance cannot be upset easily by moderate fertiliza­
tion. However, in the irrational area which may be considered 
an area of unbalance, fertilization with the nutrient not in 
short supply may cause a further unbalance and a yield de­
crease . For yields near the maximum, the conclusions of 
Shear et al. (72) on nutrient balance appear to be reasonable. 
From many factorial experiments of 2 to 5 elements at 3 to 5 
levels on tung trees in sand cultures, they concluded that 
plant growth was a function of intensity and balance as re­
flected in the leaf composition of plants, that the concentra­
tion of all mineral elements in the leaves must be considered 
and that leaf composition was the only valid criterion of the 
nutritional status of the plant. 
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The presence of observations outside of the ridge lines 
or in the irrational area also applies to the present concept 
of the luxury consumption of nutrients by plants. It has been 
defined by Macy (52) as the zone above the critical level 
where nutrient concentration is increased with no change in 
yield. As with most critical level determinations, the luxury 
consumption has been defined under conditions of one variable 
with all others at a high and constant level. Hence, it al­
ways has been associated with high concentrations in the plant. 
A different concept may be that luxury consumption occurs 
whenever N and P levels occur in the irrational area. As 
shown in Figure 35, luxury consumption of N occurs primarily 
in the area to the right of the lower ridge line and that of 
P occurs primarily in the area above the upper ridge line. 
A term such as "Irrational consumption" may be more appropri­
ate since the same yield could be obtained with a lower 
content of both nutrients by moving along the isoquant from 
the irrational area toward the nearest ridge line. 
These concepts developed here may have a far-reaching 
effect in many soil fertility problems and in the interpreta­
tion of critical levels, nutrient balance and luxury consump­
tion. The development of the concepts was possible only by 
studying yield as a function of two plant-composition vari­
ables and their interaction. The concepts may be extended to 
additional variables which affect the nutrient concentration 
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in the plant. They need to be tested thoroughly, however, 
to determine if they can be accepted over a wide range of 
conditions. 
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T. SUMMARY AND CONCLUSIONS 
The objectives of this study were to determine the re­
lationships of H and P fertilizer levels, I and p composition 
in the com leaf, soil test P levels and other factors to the 
change in the percent P in the com leaf due to N and P ferti­
lization, the percent P in the com leaf at any N and P ferti­
lizer level, the change in com yield due to N and P ferti­
lization and the com yield at any N and P fertilizer level. 
Multiple curvilinear regression analyses were used to charac­
terize these relationships quantitatively. 
Yields, leaf composition and soil test results were avail­
able from 120 fertilizer experiments conducted on various soil 
types from 1948 to and including 1956. Most of the experi­
ments were HP, NPK and PK factorials. Leaf samples from each 
plot were usually taken within 10 days of the 75% silking date 
and analyzed for total N, P and K. The data for the yields 
and leaf composition used in this study were treatment means. 
From the 120 experiments, the yields and leaf composition 
of only the N and P fertilizer treatments were selected to 
meet the following restrictions * the K level was adequate in 
most cases, drouth or insect damage was not seriously limiting 
yields and only broadcast treatments without hill or row fer­
tilizer were used. The data were selected on these bases be­
cause the relationship between the yield and leaf composition 
was affected by K deficiency, drouth or insect damage and 
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presence of hill or row fertilizer and variables for these 
factors were not Included In the regression analyses. The 
data from 93 experiments were Included In the regression 
analyses. 
The data were examined to determine which variables and 
their interactions should be included in the mathematical 
models for regression analyses. Linear correlation coeffi­
cients and regression equations were calculated for many of 
the relationships. Many of these were determined without and 
with N or P fertilizer and the differences between or among 
the regression coefficients were tested for significance to 
determine the nature and extent of the Interactions. The 
linear relationships were graphed and the approximate devi­
ations from linearity were estimated by plotting the suc­
cessive group means of the observations. These procedures 
were followed for all of the dependent variables; change in 
percent P, percent P, change in yield and yield. 
The change in the leaf P level due to P fertilizer was 
highly correlated with the leaf P level, soil test P level, 
P fertilizer level, leaf N level and the method of P applica­
tion. Most of the relationships appeared to be curvilinear. 
The positive HP fertilizer interaction was most striking in 
all relationships. Others affecting the change in the percent 
P due to P fertilizer were N x leaf P level, P x leaf P level, 
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H x soil test P level, P x soil test P level and N x leaf N 
level interactions• 
The change in the percent P due to H fertilizer, an oc­
currence which has been reported in the literature and has 
been of interest recently, was highly correlated with the leaf 
P and N levels, soil test P levels, yield response to N fer­
tilizer and the N and P fertilizer levels. This change in 
percent P was also affected by HP, P x leaf P, P x leaf N and 
P x soil test interactions. A frequency distribution of the 
observations showed that decreases, no changes or increases 
in the percent P due to H fertilizer occurred, depending upon 
the levels of the several factors listed. Increases occurred 
more frequently and were more marked in the presence than in 
the absence of P fertilizer. The effect of H fertilizer on 
the percent P was found to be different among various soils; 
these differences in most soils were believed to be due to 
differences in the soil test P levels in their subsoils. 
The factors that might be used to predict the percent P, 
which includes the initial level plus any change due to H and 
P fertilizer, were also investigated. The percent P was sig­
nificantly correlated with the soil test P in the plow-layer 
and subsoil, the percent H in the leaf and many of the factors 
associated with the change in percent P. There was no sig­
nificant relationship with stand level. 
271 
The change in yield due to P fertilization was signif­
icantly correlated with the same factors that were correlated 
with the change in the percent P. Many of these relationships 
appeared to be curvilinear. Since there was a high linear 
correlation between the yield response and change in percent 
P due to P fertilizer and between the yield response and 
change in percent N due to N fertilizer, any factor which sig­
nificantly affected the yield response also affected the change 
in the leaf composition. The change in yield due to N ferti­
lizer was significantly correlated with the leaf P, soil test 
P, leaf H and N fertilizer levels. The response to N was also 
influenced by significant HP, P x leaf P, P x soil test P, 
P x leaf H and N x leaf H interactions. Where methods of P 
application were compared, plowed-under application gave larg­
er increases than disked-in applications. 
Comparison of leaf analysis and soil test P methods for 
predicting the com yield response to P fertilizer indicated 
that the r , fraction of variations explained by regression, 
was almost twice as high in the regression of yield response 
on the leaf P levels as that of the yield response on the 
soil test P levels. In the comparison of the prediction of 
the yield response to H fertilizer on the leaf H levels in 
this study with the yield response on soil test H levels in 
another study using much of the same data, the leaf analysis 
method appeared to have a higher precision, particularly at 
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the higher level* of the H fertilizer. Since soil test H data 
were not available for all experiments, this variable was not 
included in this study. 
The factors that might be used to predict the corn yield 
at any H and P fertiliser level were also investigated. The 
yield was significantly correlated with leaf N and P, soil 
test P, stand and N and P fertiliser levels and was also a 
function of the HP, N x soil test P, P x soil test P and the 
leaf H x leaf P interactions. The yield was most highly cor­
related with the leaf N and P levels since they reflected both 
the availability of N and P in the soil and the effect of the 
N and P fertilisers. 
The variables that were included in the multiple regres­
sion models for each of the dependent variates were determined 
from the preliminary investigations. Most of the variables 
were included as curvilinear functions and the two-factor 
interactions were included as linear x linear terms. 
Two forms of the quadratic function to express the curvi­
linear relationships were investigated. These were the quad­
ratic equation with squared terms and the square root trans­
formation of a quadratic equation. The single-variable square 
root transformation and quadratic functions were compared for 
all variables; the R2 of the two functions were similar for 
all except for the soil test P variable whose square root 
function had a higher R than the quadratic function. In the 
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regression of yield on selected X variatea, four variables 
and associated interactions were included in one model as 
square root functions and in another model as quadratic func-
o 
tions. There was no difference in the R of the two regres­
sion equations. For all of the multiple regression models, 
all variables whose effects were believed to be curvilinear 
were included as quadratic functions except the soil test P 
variable which was included as a square root function. 
The sums of squares and cross products of the X and Y 
variates and the correlation coefficients were calculated by 
the IBM 650 Computer. From the matrix of the sums of squares 
and cross products of the selected variates, the Inverse 
matrix was calculated by the IBM 650 Computer, from which were 
obtained the partial regression coefficients and the 
values for calculation of the standard errors. 
For the regression of the change in percent P on selected 
X variates, the regression statistics of five multiple re­
gression models were determined. The Curvilinear Model in­
cluded 22 X variates, the Linear Model had five variates for 
the squared terms of the curvilinear functions deleted, the 
Soil Test P Model had the five leaf P variates deleted, the 
Leaf P Model had five variates associated with the soil test 
P in the plow-layer deleted and the Leaf P Reduced Model also 
had the variate for the soil test P in the subsoil deleted. 
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The X variates in the complete model, the Curvilinear 
Model, included N fertilizer level (2, linear and squared 
variates), P fertiliser level (2), HP interaction, soil test 
P level in the plow-layer (2), soil test P level in the sub­
soil,method of fertilizer application, stand level, N % soil 
test P and P x soil test p interactions, Check percent N or 
percent H of the unfertilized treatment (2), Check percent P 
(2), Check percent N x Check percent P, N x Check percent N, 
P x Check percent I, Iz Check percent P, P x Check percent 
P and Check percent N x soil test P interactions. 
The R2 of the Curvilinear, Linear, Soil Test P, Leaf P 
and Leaf P Reduced Models were 62.9, 57»3> 55*6, and 
59 A#, respectively. The addition of the five curvilinear 
(squared) variates, five leaf P variates and 5 or 6 soil test 
P variates gave highly significant reductions in the residual 
error. The addition of the variate for soil test P in the 
subsoil had no effect in the Leaf P Model but did have a sig­
nificant effect in the Soil Test P Model. The change in per­
cent P was estimated with 3*856 more precision by the Leaf P 
Models than by the Soil Test P Model although the highest 
precision occurred when both the leaf P and soil test P vari­
ates were Included. 
The significance levels of the partial regression co­
efficients of the variates were similar in the Curvilinear and 
Leaf P Models. However, the significance of several of the 
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variates differed between the Curvilinear and Soil Test P 
Models because of the significant correlation between the soil 
test P and leaf P variates, both of which indicated the P 
availability in the soil. 
The changes in the dependent variate in these multiple 
regression equations on the increasing levels of the X vari­
ables were difficult to determine by visual inspection or by 
varying one variable and holding all others constant because 
of the correlation between variables and the presence of inter 
actions. The first and second partial derivatives of the 
estimated change in percent P with respect to an X variable 
gave the slope and change in slope of the curve. However, if 
interactions occurred with the X variable, the slope also 
depended upon the levels of the associated variables. The 
slopes and changes in slope of the change in percent P on most 
of the % Variables whose functions were curvilinear were 
similar to the behavior shown in the preliminary investiga­
tions. However, the changes in the change in percent P on 
the soil test P and Check percent N levels varied among the 
mo#els. These effects appeared to be due to the correlation 
of both variables with the Check percent P variable. Most 
of the interaction variates had a significant effect on the 
change in percent P and their signs were the same as indicated 
in the preliminary investigations. 
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Three multiple regression equations were calculated for 
the regression of the percent P on selected X variates. The 
Curvilinear Model included 17 X variates, the Curvilinear Re­
duced Model had the two variates for the percent H deleted 
and the Linear Model had five variates for the squared terms 
in the curvilinear functions deleted. The X variates in the 
Curvilinear Model included H fertilizer level (2), P ferti­
lizer level (2), HP interaction, soil test P level (2), soil 
test P in the subsoil, stand level, H x soil test P and P x 
soil test P interactions, percent H at the given levels of 
H and P fertilizer (2), Check percent H (2) and H x Check per­
cent H and P x Check percent H interactions. 
The regression of the percent P on the X variates was 
2 highly significant in all models; the R of the Curvilinear, 
Curvilinear Reduced and Linear Models were 57-2, 54.8 and 
55.2Jf, respectively. The addition of the two variates of the 
percent H variable and the five variates associated with the 
curvilinear functions gave highly significant reductions in 
the residual error. The significance of some of the variates 
varied considerably in the Curvilinear and Curvilinear Re­
duced Models. The slope and change in slope of the percent 
P on the H fertilizer and Check percent H levels also varied 
widely in the two models. The cause of these differences in 
the two models was the percent N variable which was highly cor­
related with the H fertilizer and Check percent H variables. 
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The change In yield was studied In detail and 10 regres­
sion equations were determined for the regression of the 
change in yield en selected X variates. The Curvilinear Com­
plete Model included 23 X variates, the Linear Complete Model 
had five variates of the squared terms of the curvilinear 
functions deleted, the Soil Test P Model had the five leaf P 
variates deleted, the Leaf P-I Model had the five soil test 
P variates deleted and the Leaf P-II Model also had the vari-
ate for the soil test P in the subsoil deleted. In the cor­
responding Reduced Models, the Check yield variate was deleted 
from each since this variable may not be available in many 
cases. 
The X variates Included in the Curvilinear Complete Model 
for the change in yield dependent variate were the same as 
were included in the Curvilinear Model for the change in per­
cent P except for the addition of the Check yield variate. 
The R of the Curvilinear Complete, Linear Complete, Soil Test 
P, Leaf P-I and Leaf P-II Models were 70*5, 64.4, 60.8, 68.5 
and 68.5$, respectively, and were 0.8, 1.6, 3*9, 0.6 and 0.6$ 
higher, respectively, than their Reduced Models. The addition 
of the five variates associated with the curvilinear functions, 
the five leaf P variates, the five soil test P variates and 
the Check yield variate gave highly significant reductions in 
the residual error. The variate for the soil test P in the 
subsoil had no effect in the Leaf P Models. 
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The change in yield was estimated with considerably high­
er precision from the leaf P variates than from the soil test 
P variates, particularly in the absence of the Check yield 
2 variate. The R of the Leaf P and Leaf P Reduced Models were 
7*7 and 11.0$ higher than the Soil Test P and Soil Test P 
Reduced Models, respectively. 
The significance levels of most of the partial regression 
coefficients of the I variates were similar in all models, 
particularly among the Curvilinear and Leaf P Models. How­
ever, the significance of several of the variates associated 
with the soil test P and Check percent H variables varied 
widely among the Curvilinear and Soil Test P Models. The 
changes in the estimated yield response with increasing levels 
of the I variables were similar in all models for N and P 
fertilizer and Cheek percent P variables but were different 
for the soil test P and Check percent N variables because of 
their correlation with the Check percent P variable. The 
significance and direction of the interaction variates were 
generally similar to those determined in the preliminary in­
vestigations . 
The small effects in the regression equations of the 
variates for the soil test P in the subsoil and method of P 
application were unexpected since their effects in the pre­
liminary investigations appeared to be important. Further 
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research is needed on these variables in the different sell 
areas. 
Economic analyses may be applied to the generalized yield 
response functions developed in this study to determine the 
economic optima of com fertilization with H and P fertilizers 
at any N and P leaf composition level, soil test P level and 
stand level. The use of corn leaf composition data appears 
to give higher precision in the prediction of the yield re­
sponse to fertilizer than the use of soil test data although 
the combination of the leaf analysis and soil test methods ap­
pears to give the highest precision. The yield response re­
gression equations appear to be reasonable for a wide range 
of conditions although further research needs to determine if 
the precision is as high for the general population as for 
the experiments from which the regression equations were de­
rived. The equations also need to be checked for predicting 
com yield responses in the same field one or more years after 
the leaf samples are taken. The use of com leaf composition 
also needs to be related to the fertilization of other crops 
in the rotation. 
The regression of yield at any Hf and P fertilizer level 
on selected X variates was determined for four multiple re­
gression models. The Curvilinear Complete Model included 17 
I variates, the Linear Complete Model had six variates for the 
squared terms of the curvilinear functions deleted, the Curvi­
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linear Leaf Model included seven variates for stand level and 
N and P leaf composition and the Linear Leaf Model had only 
four variates for stand, percent H, percent P and percent N 
x percent P interaction. The X variates in the Curvilinear 
Complete Model included N fertilizer level (2), P fertilizer 
level (2), HP interaction, soil test P level (2), soil test 
P in the subsoil, stand level (2), N x soil test' P and P x 
soil test P interactions, percent N (2), percent P (2) and 
percent H x percent P interaction. 
2 The R of the Curvilinear Complete, Linear Complete, 
Curvilinear Leaf and Linear Leaf Models were 60.7, 56.0, 57.4 
and 52.0$, respectively. The addition of the variates for 
the curvilinear functions and the variates in addition to the 
stand and leaf N and P variates gave highly significant re­
ductions in the residual error. 
Most of the variates in the Curvilinear and Linear Com­
plete Models and all of the variates in the Curvilinear and 
Linear Leaf Models had a significant effect on the reduction 
of the residual error. The changes in the estimated yield 
with increasing levels of the X variables in the curvilinear 
functions were positive and decreasing, as expected, except 
for the soil test P variable. Its effect was different from 
expected because of the correlation with the leaf P variable. 
Further research is needed to increase the precision in 
estimating the dependent variates. Additional variates which 
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aay Increase the precision or utility of these regression 
equations are: additional components of the two-factor inter­
actions, three-factor interactions involving N and P ferti­
lizer with leaf N and P and soil test P levels, soil test N 
and its interactions, fertilizer x stand level interactions, 
K fertilizer, soil test K, leaf K and their interactions with 
other variables and climatic variables. 
The relationships of the estimated yield to the N and P 
concentrations in the corn leaf were determined from the re­
gression equation of the Curvilinear Leaf Model in order to 
study the critical H and P percentages, nutrient balance and 
luxury consumption. The N and P percentages at the maximum 
yield were found to be 3*16 and 0.338$, respectively, and the 
maximum yield at these leaf levels and at the stand level at 
yield was 113*5 bushels per acre. The relationships 
between the percent N and percent P in the corn leaf were also 
calculated and graphed for yields of 75, 90, 95 and 97$ of the 
maximum yield. 
The relationships between yield and N and P composition 
were analogous in most respects to the *contour maps" of the 
fertilizer-crop response relationship. The maximum yield oc­
curred at a fixed ratio of percent N and percent P in the leaf 
but at yield levels below the maximum, the isoquants (lines 
connecting points of equal yield) showed that equal yields 
occurred with widely varying ratios of H and P in the com 
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leaf. Hence, it appeared that N could substitute for P in the 
leaf at a decreasing rate, within limits, and maintain the 
same yield level. The ridge lines (lines connecting the 
points of zero rate of substitution on the isoquants) may have 
agronomic and economic significance. Corn whose leaf composi­
tion lies in the area outside of the two ridge lines may be­
have differently to fertilization than com whose leaf composi­
tion lies within the ridge lines. 
The concept that the critical nutrient percentage or 
level is a sharply-defined point or narrow range of values 
may be questioned as a result of this study. A broad range 
in the leaf composition values occurred from maximum yield 
to 97 or 95$ of the maximum yields The level of the leaf N 
for a given percentage yield also varied widely with the level 
of the percent P in the leaf because of the significant inter­
action between the two. The maximum yield for an increasing 
level of leaf N also varied with the level of the leaf P con­
tent. This concept of the relationship of yield to the leaf 
N and P levels also may be extended to other variables which 
have significant interactions with the leaf H and P levels. 
Hence, the critical level appears to Include a wide range of 
values depending how it is defined and upon levels of other 
factors. Many of the present concepts on critical percentages 
appear to be only special cases in the general relationship 
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of yield and nutrient concentration to the critical percent­
age or level» 
The balance between the N and P contents in the leaf ap­
pears to be critical only at yields near the maximum and be­
comes less critical as the yield decreases. Since the crit­
ical levels may vary widely, the concentration at which luxury 
consumption occurs also may vary widely. 
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Table 40. Location, year, soil type and previous cropping 
of all corn experiments 
Kept. Coopérator County Year 
no. 
Soil type® Previous^  
I :  
1. Hiss en 
2. Neibuhr 
i. Davidson 
-. Fricke 
5. Rolfe 
6. Crisvell 
7. Miller 
8. Sorum 
9* Christiansen 
10. Winter 
11. Fouche 
12. Bonnett 
13. Retz 
14. Kroese 
15* Strand 
16. Tiedemann 
17. Forsythe 
18. Roper 
19. Smith 
20. Purdie 
21. Purdie 
22. Fick 
23» Moeller 
24. Wittrock 
25. Hanson 
26. Hanson 
27. Selzer 
28. Coon 
29. Hoskinson 
30. Dehoney 
Benton 1948 
Benton 1948 
Cedar 1948 
Henry 1948 
Cedar 1948 
Jasper 1949 
Clayton 1950 
Winneshiek 1950 
Grundy 1950 
Osceola 1950 
Clarke 1950 
Van Buren 1950 
Delaware 1950 
O'Brien 1950 
Poweshiek 1950 
Benton 1950 
Monroe 1950 
Greene 1951 
Greene 1951 
Calhoun 1951 
Calhoun 1951 
Lyon 1951 
Lyon 1951 
Carroll 1951 
Monona 1951 
Monona 1952 
Linn 1952 
Greene 1952 
Greene 1952 
Greene 1952 
Tama s.l. 
Tama s.l. 
Tama s.l. 
Talntor s.c.l. 
Muscatine s.l. 
Tama s.l. 
Fayette s.l. 
Downs s.l. 
Floyd s.l. 
Primghar s.l. 
Haig s.c.l. 
Halg s.c.l. 
Clyde s.c.l. 
Galva s.l. 
Tama s.l. 
Tama s.l. 
Grundy s.l. 
Webster s.l. 
Webster s.c.l. 
Nicollet s.l. 
Nicollet s.l. 
Galva s.l. 
Moody s.l. 
Marshall s.l. 
Ida s.l. 
Ida s.l. 
Carrington 1. 
Nicollet s.l. 
Clarion 1. 
Clarion 1. 
SB-C-C-M-M 
C-M-O-C-C 
C-M-M-O-C 
C-M-O-C-C 
0(RC)-C-C-M 
0(RC)-C-C 
M—0—C—C—M 
C —M—M—M—M 
C—M—0—C—C 
C—SB—C—M—0 
C—C—M—0—C 
M-M-O-C-C 
C-M-O-C 
C—M—M—F—C 
C-B(SC)-C 
C—C-M—0—C 
BG (30 yrs.) 
0(RC)-C-C-C 
M-M-O-C 
SC-O-C-SB 
SC—0—C—SB 
0—C—0—C 
0(SC)-C-0(SC) 
C—M—M—M 
ocsO-c-c 
sc-o-c 
M—M—0—C 
C-C-0(SC)-C 
C—SB—M—0 
SB—C—C 
Abbreviations: s.l. - silt loam, s.c.l. - silty clay 
loam, 1. - loam, sa.l. - sandy loam, f.s.l. - fine sandy loam. 
*Crop in the previous year is on the left of the series; 
from left to right, the preceding crops are shown. Abbrevia­
tions : C - corn, 0 - oats, SB - soybeans, M - meadow, F -
flax, RC - red clover, SC - sweet clover, B - barley, A -
alfalfa, W - wheat and BG - bluegrass pasture. 
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Table 40. (Continued) 
no. 
County Year Soil type* Previous^  
crooning 
Pocahontas 1952 Nicollet s.l. O-C-O-C-O 
O'Brien 1952 Primghar s.l. M-M-O-C 
O'Brien 1952 Marcus s.c.l. SB—C—0—C 
Crawford 1952 Ida s.l. C—M-M-M 
O'Brien 1952 Primghar s.l. SB—C—SB 
Sioux 1952 Galva s.l. F(RC)-C 
Lyon 1952 Galva s.l. C-SB-C-B(SC) 
O'Brien 1952 Sac s.l. M-O-C-O(SC) 
O'Brien 1952 Galva s.l. M—O-C-O 
O'Brien 1952 Galva s.l. 0-C-0(SC)-C 
Benton 1952 Tama s.l. M-M-0—C 
Iowa 1952 Tama s.l. M-M-O-C 
O'Brien 1952 Primghar s.l* M—0—SB—C 
Buchanan 1952 Carrlngton sa.1M-M-0-C 
Delaware 1952 Floyd s.l. M-O-C 
Plymouth 1952 Ida s.l. 0—C—0—G 
Carroll 1952 Marshall s.l. C—SC—0—C 
O'Brien 1952 Galva s.l. 0—C—C—c 
Lyon 1953 Moody s.l. c-o-c 
O'Brien 1953 Galva s.l. SB—C—SB—C 
Sioux 1953 Moody s.l. 0—C-0—C 
Lyon 1953 Moody s.l. C-C-M-M 
Greene 1953 Webster s.c.l. C-C-0 
O'Brien 1953 Galva s.l. SB-C-M-0 
Guthrie 1953 Nicollet s.l. SB—C—SB—C 
Greene 1953 Clarion 1. SB—C—SB—C 
O'Brien 1953 Marcus s.c.l. M-F 
O'Brien 1953 Marcus s.c.l. SB—C—0—SB 
Greene 1953 Clarion 1. SB—C—SB—C 
O'Brien 1953 Marcus s.c.l. M-F 
O'Brien 1953 Marcus s.c.l. SB—C—0—SB 
Greene 1953 Clarion 1. C—SB—C—C 
Buchanan 1953 Carrlngton sa.lC-0 
Buchanan 1953 Carrlngton 1. C—M—0—C 
Fayette 1953 Carrlngton 1. M—M—0—C 
Fayette 1953 Floyd s.l. SB—C—M—0 
Buchanan 1953 Clyde s.c.l. C-M-O-C 
Allamakee 1953 Fayette s.l. M—0—C—M 
Allamakee 1953 Fayette s.l. M-M-M-M 
Calhoun 1953 Webster s.c.l. SB—C—SB—C 
31. Sefeik 
32. Lyle 
Wlttroek 
34. Murchland 
35* Andrlnga 
36. Croat 
Buckley 
38. Nagel 
ELgersma 
Skaar 
I
11: 
& 
41. Uthoff 
42. Broekschlnk 
43. McCarty 
44. Humes 
45. Ondler 
46. Nipp 
47. Neppl 
48. KLshuls 
49. Riley 
50. Hughes 
51. Tan Dleren 
52. Venzel 
53. Richards 
54. Fechter 
55- Bayers 
56. Cairns 
57. Anderson 
58. Mastbergen 
59. Calms 
60. Anderson 
61. Mastbergen 
62. Dehoney 
63. Cherry 
64. Bogge 
65* Schlumbohm 
66. Yearous 
67. Satterlee 
68. County Farm 
69. Hansmeier 
70. Knittig 
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Table 40. (Continued) 
Bxpt. 
no. 
Coopérator County Tear Soil type* Previousb 
cropping 
71* Van Horn 
72. BePould 
73* Cherry 
74. Drinkall 
75. White 
76. Witt 
77. Smith 
78. Hlnze 
79. Pierce 
80. Wright 
81. Seedorf 
82. Recker 
83. Meisgeler 
84. Hanson 
85. Haverkamp 
86. Bpley 
87. Schutte 
80. Huber 
89. Scheme! 
90. Anderson 
91. Teazel 
92. Taylor 
93* Vang 
94. Snitker 
95. Ankeny Farm 
96. Holsclav 
97. Parkison 
98. Nelson 
99. Frieden 
100.Behnken 
101.Drees 
102.Sandman 
103.Wacker 
10*t.Beda 
105*Cairns 
lOb.Blrney 
107.Frisk 
108.Moore 
109.Smith 
110.Larson 
Greene 1953 
Greene 1953 
Buchanan 1953 
Des Moines 1953 
Page 1953 
Marshall 1953 
Fayette 1953 
Fremont 1953 
Fremont 1953 
Mills 1953 
Fayette 1954 
Fayette 1954 
Delaware 1954 
Delaware 1954 
Bremer 1954 
Bremer 1954 
Chickasaw 1954 
Chickasaw 1954 
Howard 1954 
O'Brien 1954 
Calhoun 1954 
Greene 1954 
Winneshiek 1954 
Allamakee 1954 
Polk 1954 
Fremont 1954 
Fremont 1954 
Fayette 1955 
Fayette 1955 
Clayton 1955 
Delaware 1955 
Delaware 1955 
Delaware 1955 
Mills 1955 
Greene 195® 
Washington 1956 
Henry 1956 
Lee 1956 
Allamakee 1956 
Winneshiek 1956 
Webster s.c.l. 0(A)-C-C 
Clarion 1. C-SB-C-O(SC) 
Carrlngton sa.lC-O-C 
Talntor s.c.l. C-M-O-SB 
Sharpsburg s.l.C-M-O-C 
Tama s.l. C-0(BC)-C 
Carrlngton 1. SB-C-M 
Sarpy f.s.l» 
Haynie f.s.l. 
McPaul s.l. 
Floyd s.l. 
Carrlngton 1. 
Carrlngton 1. 
Floyd s.l. 
Floyd s.l. 
O'Neill f.s.1. 
Carrlngton 1. 
Carrlngton 1. 
Carrlngton 1. 
Marcus s.c.l. 
Webster s.c.l. 
Nicollet s.l. 
Downs s.l. 
Fayette s.l. 
Nicollet s.l. 
McPaul s.l. 
Wabash s.c.l. 
Fayette s.l. 
Fayette s.l. 
Fayette s.l. 
Carrlngton 1. 
Floyd s.l. 
Carrlngton 1. 
Bottomland 
Clarion 1. 
Mahaska s.l. 
Mahaska s.l. 
Belinda s.l. 
Fayette s.l. 
Downs s.l. 
C-C-C 
C-Flooded-C 
C-Flooded-W 
M-M-O-C 
M—0—C 
M—0—C 
C 
C—M—0—C 
C-M-M-0 
C-M-M-0 
C-M-O-C 
C—C—M—0 
0—C—C—SB 
SB—C—M 
C—C—SB-C 
C—M—0 
M—0—C 
SB-C 
C-Flcoded 
C-Flooded 
M—0—C—M 
M-M-O-C 
M—M—M—0—C 
M-M—0—C 
M—0—C—C 
C—M—0 
C-W 
SB—C—SB—C 
C—M—M—0 
C-C-M 
C-C-Idle 
M-O-C-M 
M-O-C-M 
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Table 40. (Continued) 
Bxpt. Coopérator County Year Soil type* Previous. 
no. crooning 
111. Baade Clayton 1956 Fayette s.l. M-O-C-M 
112. Yearous Clayton 1956 Fayette s.l. M-O-C-M 
113- Banseh Dubuque 1956 Fayette s.l. M-O-C-M 
11%. Singsank Dubuque 1956 Fayette s.l. M-O-C-M 
115. Steege Chickasaw 1956 Carrington 1. M—0—SB—C 
116. Exptl. Farm Howard 1956 Floyd s.l. C-SB 
117. HLok O'Brien 1956 Galva s.l. SB—C—M—0 
118. Neese Greene 1956 Nicollet s.l. SB—C—SB—C 
119. Dibble Buchanan 1956 Carrington 1. C—M—0—C—C 
120. Bailey Henry 1956 Weller s.l. C-M-W 
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Table 41. Type of experiment, soil test results and K level 
of HP treatments of all experiments 
Bxpt. Type of Soil test results K level 
no. experiment* pH H* p* Kb p3ub.c ^^d 
1. 2x2x2 NPK 5.1 — 11.0 400 10.0e 0,60 
2. 2x2x2 NPK 5.4 — 4.0 210 10.0e 0,60 
3. 2x2x2 NPK 5.8 — 18.0 M)0 10.0e 0,60 
4. 2x2x2 NPK 5.5 — 8.0 170 7.0e 0,60 
5. 3x3 Pert, x St. 5.3 — 7.0 190 10.0e 
6. 2x2x2 NPK-R,St. 5.5 66 4.3 220 10.0e 0,60 
7. 2x2x2 NPK-R 5.9 74 6.0 170 30.0e 60 
8. 2x2x2 NPK 6.5 42 2.5 170 7.0 60 
9. 2x2x2 NPK 5.5 80 5.5 165 1.0e 0,60 
10. 2x2x2 NPK-R 5.8 116 3.0 220 1.0 0,40 
^fost experiments were factorials with variables and 
levels as listed. Individual treatments with levels of N and 
P are given in Tables 42 and 43. R = split plots without and 
with hill or row fertilizer. N = split plots without and with 
additional N fertilizer. Meth. = split plots with two dif­
ferent methods of application. St. = stand level variables. 
I = experiments with different levels of nutrients but with 
an incomplete number of treatments for a complete factorial. 
^Soil test results are given in pounds per acre in the 
surface plow-layer as determined by the Iowa State College 
Soil Testing Laboratory. 
®P subsoil tests are given in pounds per acre 6 2/3 
inches, averaged over samples taken from 1 to 2 and 2 to 3 
feet depths. 
*Where K fertilizer was a variable, N and P fertilizer 
effects on yields and composition were either averaged over 
two or more K levels or determined at one K level, as listed. 
No values show that K fertilizer was not a variable. If the 
K level is preceded by B, all treatments had a basic applica­
tion of K level indicated. K levels refer to pounds per acre 
of KgO. 
6Indicates that samples were not taken from the experi­
mental site but values were estimated from soil type means. 
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Table 4l. (Continued) 
Expt. Type of 
experiment no PH 
Soil test results 
\,b A ,b Psub. 
K level 
11 
12 
S 
il 
il 
19 
20 
21 
22 
S 
s 
2 
29 
30 
31 
32 j 
38 
41 
42 
S 
S 
8 
49 
50 
2x2x2 NPK 5.5 44 5.6 
2x2x2 NPK-R 6.0 56 5.2 
2x2x3 NPK 6.3 6.5 
2x2 NP 6.0 188 3.8 
2x2 NP 6.5 60 11.2 
3X3 NP 5.4 82 2.5 
3X3 NP 5-3 2.0 
2x2x2 NPK-R 7.7 166 3.7 
2x3x2 NPK-R 7.1 120 5*1 
3x2 PK-R 6.6 — 1.0 
3x2 PK-R 6.6 —* • 1.0 
3x3 NP-R 6.0 114 7.0 
3X3 NP-R 6.2 136 5.0 
3x3 NP-R 6.1 42 3.5 
3x3 NP-R 7.8 96 1.0 
9x9 NP 7.9 20 0.5 
NPK Rates-N 6.1 96 3.0 
NPK Rates-N 6.4 108 4.2 
NPK Rates-N 5.7 76 5.0 
NPK Rates-N 5-7 106 5.8 
2x2x2 NPK-R 6.6 90 7.3 
NP Rates-N 5.8 174 4.2 
NP Rates-N 6.6 144 6.7 
NP Rates-N 7.8 78 3.0 
3x3 NP-R 6.4 136 4.0 
3x3 NP-R 6.2 140 4.5 
3x3 NP-R 5-7 136 8.5 
2x3 NP-Meth. 5.9 136 2.2 
2x3 NP-Meth. 5.8 194 4.0 
3x3 NP-Meth. 6.3 158 7.0 
3x3 NP-Meth. 5.6 136 3.2 
2x3 NP-Meth. 5.6 100 1.8 
P Rates-Me th. 6.8 200 1.7 
3x3 PK-Meth. 6.8 1.5 
3x3 PK-Meth. 5.5 1.3 
NP Rates 7.9 50 2.5 
4x2 NP 6.1 120 6.5 
4x2 NP 6.3 44 4.7 
2x2 NP 6.2 10.0 
4x3 NP-I 6.6 — 3.7 
200 7.0e 
130 7.0e 
115 1.2e 
260 1.1 
350 10.0e 
235 5.4. 
220 
200 
256 
210 
210 
400 
372 
138 
296 
126 
208 | 
168 
300 
328 
220 
238 
400 
350 
300 
320 
302 
224 
228 
400 
54 
108 
216 
400 
230 
400 
316 
â:£ 
0.8e 
0.8e 
0.8e 
0.8 
! 
0.8 
0.8 
0.8 
1.0 
0.8 
8 
1.0e 
0.5 
oe.i 
4.4 
y 
i:S; 
0,60 
60 
80 
0,60 
0,60 
0,40 
0,40 
0,60,120 
0,60,120 
0,60,120 
0,60,120 
0,60 
B-40 
80 
80 
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Table 4l. (Contlnmed) 
Expt. Type of Soil teat résulta K level 
experiment* ~ „b p*  ^P(reb.« no. t «  Zb ,b ZTë of HP, 
4x3 HP-I 6.4 — 3.0 356 1.5? 
4x3 NP-I 6.1 — 6.0 350 1.5% 
2x2 «P 6.7 — 5.0 226 0.8® 
2x2 NP-Meth. 5.8 — 3.5 270 1.0? 
3x2 NP-Meth. 6.8 — 2.0 140 0.8e B-60 
3x2 NP-Meth. 5.8 — 4.0 176 0.8? B-60 
3x2 NP-Meth. 7.1 — 1.0 296 0.5? 
3x2 NP-Meth. 6.6 — 1.5 272 0.8: B-60 
P Bates-Meth. 5.8 — 3*3 178 0.8: B-60 
P Bates-Meth. 7.1 — 1.0 316 0.5 
P Bates-Meth. 6.6 — 2.2 289 0.8? B-60 
P Bates 5.8 — 3»5 188 0.8e B-60 
2x2x3 NPK-B 5.7 — 7.0 120 1.5 60,120 
2x2x3 NPK-B 6.1 — 6.5 142 1.8 60.120 
2x2x3 NPK-B 5.4 — 1.2 95 0.8 0,60,120 
2x2x3 NPK-B 6.2 — 3-2 120 1.0 60,120 
2x2x3 NPK-B 6.3 — 7.0 95 1.2 60.120 
2x2x3 NPK-B 6.7 — 6.0 140 26.0. 0,60,120 
2x2x3 NPK 6.3 — 3.0 80 30.0? 0,60,120 
4x3x3 NPK-I 6.8 — 4.7 174 0.8e 0 
4x3x3 NPK-I 7.5 — 4.7 175 0.8? 0 
4x3x3 NPK-I 6.3 — 1.5 150 0.8e 0 
4x3x3 NPK-I 5.7 — 7.0 106 1.5. 0 
4x3x3 NPK-I 6.9 — 8.0 256 7.0? 0 
4x3x3 NPK-I 5.8 — 4.0 400 5.0e 0,60,120 
5x4x3 NPK 6.1 — 5.5 282 8.6 0.40.80 
5x4x3 NPK 6.0 — 7.2 110 2.0e 40,80 
3x3x3 NPK 6.7 — 2.0 400 0.8 0,40 
3x3x3 NPK 7.4 — 10.0 400 0.5. 0 
3x3x3 NPK 6.4 82 15.0 400 0.8e 0 
2x2x3 NPK-B 6.3 62 1.0 60 0.5 . 30,60 
2x2x3 NPK-B 5.9 120 2.2 80 0.8 30,60 
2x2x3 NPK-B 5.7 90 6.0 98 2.2 0,30,60 
2x2x3 NPK-B 5.7 93 1.2 116 0.5 0 
2x2x3 NPK-B 5.9 126 4.7 150 0.8 0 
2x2x3 NPK-B 6.5 104 7.5 120 3-2 0,30,60 
2x2x3 NPK-B 5.4 90 4.0 114 0.8 0 
2x2x3 NPK-B 7.0 87 4.2 96 0.5 O.3O.6O f m\J Of T.C 70 V.7 V.JV.V 
2x2x3 NPK-B 5.9 85 8.0 152 3.5 30,60 
2x2 NP 6.8 93 4.2 297 0.5 
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Table 4l. (Continued) 
Bxpt. Typé of . 
no. experiment pH > pb 
128 
5,3 
10.5 
— 3.5 
— 1.5 
78 6.1 
81 3.5 
76 1.2 
126 2,0 $8 2.4 1.2 
28 3,3 
79 6.0 
172 2.7 
190 2,7 
97 2.1 
4 3.i 80 3.0 
90 4.8 
87 1.8 
99 2.2 
85 2.7 
72 6.5 
114 4.8 
68 1.1 
109 3.1 
l4l 5.8 
103 1.3 
_ _  2.5 
76 1.5 
K6 Psub.® 
K level 
of HP. 
tmta.a 
91. 
92. 
! 
%: 
99. 
100. 
05. 
06. 
0 
0 
09. 
10. 
P Bates 
2x2 HP 
2x2x3 HPK 
2x2x3 HPK 
5x4x4 HPK 
4x3x2 HPK-St. 
4x3x2 HPK-St. 
2x2x3 NPK-R 
2x2x3 NPK-R 
2x2x3 NPK 
01. 3x3 PK-Meth. 
02. 3x3 PK-Meth. 
5x4x4 NPK 
9x9 HP 
2x4 HP 
3x3x2 NPK-R 
3x3x2 NPK-R 
3x3x2 NPK-R 
3x2x2 NPK-R 
3x2x2 NPK-R 
I: 
11. 3x2x2 NPK-R 
12. 3x2x2 NPK-R 
3x2x2 NPK-R 
3x2x2 NPK-R 
3x3 PK 
3x3 PK 
3x3 HP 
18. 3x3 NP-Meth. 
19. 9x9x9 NPK-I 
20. 9x9x9 NPK-I 
11: 
It: 
17 
6.6 
6.2 
1:1 
6.2 
8.1 
8.2 
6.4 
6.6 
5-9 
6.0 
t:î 
l:i Ë 
6.4 
6.4 
i'Ji 
!
6.2 
5.8 
5-5 
208 0.8? 
204 0.8e 
108 9.5 
104 18.5. 
172 0.8? 
400 0.8% 
400 0.8e 
l80 30,0% 
120 30.0% 
124 30.0e 
116 
153 
400 
200 
162 
194 
124 
1.2 
0,8e 
a 
184 30.0e 
158 9.0e 
138 30,0e 
94 30.0? 
144 30,0e 
191 30.0e 
84 0.8. 
135 
400 
189 
167 
100 
S:i; 
4:9 
B-60 
0,40,80 
0,60 
0,60 
0 
0,30,60 
0,30,60 
0,30,60 
0,30,60 
0,40,80 
B-60 
0,40 
0,40 
O,4O 
0,40 
0,40 
0,40 
0 
0,40 
0,40 
60 
30,60 
B-40 
B-60 
0,90;60 
90 
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Table 42* Method of P application, stand level, fertilizer 
treatment, yield and N and P leaf contents of the 
individual treatments of the experiments used in 
the multiple regression analyses 
Plot, 
no. à 
P 
meth. 
Stand* Tmt.* Yield® , Ûyield® Leaf content® 
H p2°5 jto 4*P 
1-1 BPU 13.9 0 0 86.8 1.87 .202 
2 60 0 
60 
100.3 13*5 2.22 .215 .013 
3 0 87.2 0.4 1.74 .185 —017 4 60 60 101.4 14.6 2.24 .230 .028 
2-1 BPU 10.3 0 0 85.4 2.39 .210 
2 60 0 85-5 0.1 2.64 .219 .009 
3 0 60 92.2 6.8 2.28 .232 .022 
4 60 60 97.0 11.6 2.57 .250 .040 
3-1 BPU 11.8 0 0 106.1 ««• 2.36 .265 
2 60 0 115.2 9.1 2.52 .272 .007 
3 0 60 109.8 3.7 2.31 .269 .004 4 60 60 111.0 4.9 2.46 .297 C
M O 
4-1 BPU 16.8 0 0 106.4 2.38 .256 
2 60 0 110.8 4.4 2.64 .264 .008 
3 0 60 112.4 6.0 2.25 .262 .006 4 60 60 122.1 15.7 2.60 .287 .031 
^fean stand level in thousands of stalks per acre are for 
all treatments if listed once per experiment; if fertilizer 
treatment had a significant effect on stand levels, stands 
are listed for each treatment. 
^Pirst figure refers to the pounds of N per acre; second 
figure is the pounds of PgO^ per acre. All treatments are 
without hill or row fertilizer. 
°Yields in bushels per acre and N and P percentages for 
each experiment are at the K level or levels given in Table 
41. Change in yield or percent P ( A yield or AjÉP) is based 
on the unfertilized treatment (0-0). 
*First figure refers to experiment number and is listed 
once; second figure refers to treatment number. 
Method of P application: BPU = broadcast and plowed 
under, BDI - broadcast and disked in, HL = hard-ground listed. 
Method(s) listed once per experiment. 
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Table 42. (Continued) 
Plot, P g Stand' » • #2 Yield® A yield1 6 content® no. meth. s %P A*P 
5-1 BPU 11.5 0 0 104.4 
17a 
2.42 .321 __ 
2 40 0 109.2 2.64 .321 .000 
3 
15.6 
40 40 109.4 5.0 2.59 •352 .031 
4 0 0 116.0 
4T5 
2.15 .290 --
5 40 0 120.5 2.64 .320 .030 6 40 40 120.7 4.7 2.31 .328 .038 
7 19.2 0 0 114.5 — 2.12 .282 --8 40 0 116.7 2.2 2.29 .273 -.009 
9 40 40 119.2 4.7 2.17 •317 .035 
6-1 BPU 10.2 0 0 66.6 1.94 .200 «••ft 
2 60 0 90.4 23.8 .244 .044 
3 0 60 69.4 2.8 .194 -.006 
4 60 60 91.8 25.2 2.65 .272 .072 
1 14.1 0 0 56.5 1.60 .160 — 
2 60 0 89.8 33l3 2.38 .226 .066 
3 0 60 55.6 - 0.9 1.62 .186 .026 
4 60 60 94.I 37.6 2.40 .249 .089 
7-1 BPU 9.1 0 0 29.3 2.85 .256 
.008 2 60 0 36.3 7.0 2.93 .264 
3 0 60 39.0 9.7 2.72 .274 .018 4 60 60 49.3 20.0 2.88 .299 .043 
8-1 BPU 16.3 0 0 47.1 1.91 .198 
2 60 0 65.2 18.1 2.61 .218 .020 
3 0 60 38.5 - 8.6 1.60 .203 .005 4 60 60 88.2 41.1 2.50 .269 .071 
9-1 BPU 10.6 0 0 49.0 
2.4 
1.95 .192 __ 
2 60 0 51.4 2.32 .202 .010 
3 0 60 51.0 2.0 1.88 .193 .001 4 60 60 56.5 7.5 2.33 .226 .034 
10-1 BPU 11.5 0 0 39.5 2.50 .180 
2 NO 0 42.8 3.3 2.72 .179 — .001 
3 0 40 53.8 14.3 2.32 .202 .022 
4 40 40 64.8 25.3 2.46 .214 .034 
11-1 BPU 10.3 0 0 47.1 2.34 .240 
.036 2 10.9 60 0 65.2 18.1 3.06 .276 
3 10.3 0 60 46.2 - 0.9 2.13 .241 .001 4 10.9 60 60 67.8 20.7 2.85 .274 .034 
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Table 42. (Continued) 
Plot, 
no. * meth.6 
Stand Tmt. 
n P2Oç 
Yield® A yield 
12-1 BPU 10.7 0 0 55.2 
2 60 0 73.7 18.5 
3 0 60 59.9 4.7 
4 60 60 76.0 20.8 
14-1 BPU 14.1 0 0 73.2 
2 40 0 75.9 2.7 
3 0 40 81.4 8.2 
4 40 40 82.1 8.9 
15-1 BPU 10.3 0 0 67.9 *.<• 
2 60 0 69.7 1.8 
3 0 60 70.2 2.3 
4 60 60 70.5 2.6 
16-1 BPU 14.5 0 0 63.7 
0.6 2 40 0 64.3 
3 80 0 60.7 - 3.0 
4 0 40 63.6 - 0.1 
5 40 40 72.6 8.9 
6 80 40 79.8 16.1 
7 0 80 68.3 4.6 
8 40 80 71.9 8.2 
9 80 80 79.4 15.7 
17-1 BPU 8.8 0 0 66.9 •«. 
2 40 0 66.9 0.0 
3 80 0 76.2 9.3 
4 0 40 63.1 - 3.8 
5 40 40 72.1 5.2 
6 80 40 88.7 21.8 
7 0 80 76.7 9.8 
8 40 80 72.7 5.8 
9 80 80 89.2 22.3 
18-1 EDI 14.6 0 0 57.4 
2 60 0 78.0 20.6 
3 0 60 58.2 0.8 
4 60 60 91.0 33-6 
19-1 EDI 12.1 0 0 80.7 
9%4 2 60 0 90.1 
3 0 60 86.1 5.4 
4 0 120 82.2 1.5 
Leaf content0 
JHT *P A%P 
2.28 
2.57 
2.22 
2.54 
2.95 
3.05 
2.99 
3.04 
2.92 
2.98 
2.84 
2.96 
2.11 
is 
1:11 
2.51 
2.14 
2.30 
2.46 
2.54 
2.56 
2.76 
2.48 
2.52 
2.68 
2.38 
2.48 
2.62 
1.96 
2.56 
1.91 
2.54 
2.60 
2.70 
2.42 
2.38 
.269 
.298 
.310 
•305 
.251 
.267 
.283 
.285 
.291 
.295 
.298 
.301 
.211 
.192 
.209 
.231 
.206 
.216 
.238 
.256 
.232 
.240 
.286 
.264 
.286 
.283 
.278 
.283 
.217 
.224 
.232 
.279 
'Me 
.316 
.322 
.029 
.041 
.036 
.016 
.032 
.034 
.004 
.007 
.010 
.005 
.018 
.001 
.016 
.038 
.013 
.023 
.045 
.024 
.016 
.030 
.008 
.030 
.027 
.022 
.027 
.007 
.015 
.062 
.009 
.0^ 7 
.043 
Table 42. (Continued) 
Plot, 
no. d meth.6 
Stand* Tmt.* Yield® Aylel< 1® Leaf content® 
N V? %* %P A*P 
19-5 EDI 12.1 60 60 96.7 16.0 2.70 •302 .023 
6 60 120 91.4 10.7 2.74 •338 .059 
20-1 EDI 13.1 0 0 66.8 2.42 .230 
2 0 40 81.3 14.5 2.35 .260 .030 
3 0 80 81.5 14.7 2.31 .271 .041 
21-1 BPU 13.4 0 0 61.5 2.48 .255 
2 0 40 67.1 5.6 2.18 .280 .025 
3 0 80 68.6 7.1 2.12 .291 .036 
23-1 BPU 11.4 0 0 65.4 2.60 .270 
2 40 0 64.0 - 1.4 2.77 .260 — .010 
3 80 0 68.7 3.3 2.87 .270 .000 
4 0 40 69.5 4.1 2.60 .292 .022 
5 40 40 71.6 6.2 2.80 .298 .028 
6 80 40 76.6 11.2 2.98 .292 .022 
7 0 80 66.9 1.5 2.70 .285 .015 
8 40 80 73.8 8.4 2.82 .320 .050 
9 80 80 70.2 10.8 2.84 .308 .038 
24-1 BPU 13.6 0 0 76.0 
6.0 
2.74 .270 
2 40 0 82.0 2.95 .273 .003 
3 80 0 87.0 11.0 2.99 .268 — .002 
4 0 40 80.5 4.5 2.78 .288 .018 
5 40 40 88.7 12.7 2.86 .288 .018 
6 80 40 88.5 12.5 2.99 .305 .035 
7 0 80 80.0 4.0 2.60 .292 .022 
8 40 80 88.7 12.7 2.88 .302 .032 
9 80 80 87.3 11.3 2.99 .320 .050 
25-1 BPU 10.3 0 0 8.1 2.15 .123 
—.006 2 40 0 10.2 2.1 2.43 .117 
3 80 0 10.5 2.4 2.41 .110 -.013 
4 0 40 18.7 10.6 1.80 .188 .065 
5 40 40 34.1 26.0 2.23 .173 .050 
6 80 40 34.8 26.7 2.59 .183 .060 
7 0 80 21.8 13.7 1.73 .197 .074 
8 40 80 37.9 29.8 2.13 .205 .082 
9 80 80 52.9 44.8 2.59 .245 .122 
26—1 BPU 18.1 0 0 15.4 1.88 .104 
2 80 0 17.6 2.2 2.23 .098 -.006 
3 160 0 10.8 - 4.6 1.93 .093 -.011 
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Table 42. (Continued) 
Plot 
no. d Beth.* 
Stand Tmt. 
ml 
Yield* Ayield* Leaf content* 
%Vt %P A$P 
26-4 
I 
I 
27-1 
2 
e 
i 
28-1 
2 
2 
1 
29-1 
2 
1 
30-1 
2 
? 
1 
31-1 
2 
e 
33-1 
2 
3 
BPU 
BPU 
BPU 
BPU 
BPU 
EDI 
BPU 
18.1 0 80 
80 80 
160 80 
0 160 
80 160 
160 160 
13-0 0 
60 
60 
120 
0 
0 
60 
60 
120 120 
180 120 
13.3 0 
60 
60 
120 
0 
0 
60 
60 
120 120 
180 120 
13.5 0 
60 
60 
120 
0 
0 
60 
60 
120 120 
180 120 
12.0 0 
60 
60 
120 
0 
0 
60 
60 
13.3 
120 120 
180 120 
0 0 
60 0 
0 60 
60 60 
120 120 
14.7 0 0 
60 0 
60 60 
26.4 
107.4 
94.2 
23.0 
105.4 
105.2 
102.9 
129.0 
125.? 
133.4 
129.2 
60.7 
79.7 
94.9 
103.5 
113.5 
117.3 
11.0 
92.0 
78.8 
7.6 
90.0 
123.0 107.6 
70.2 
77.0 
99.2 
113.2 
115.0 
114.5 
75.2 
78.7 
103.1 
111.8 
114.5 
115.6 
11:1 
51.4 
95.1 
110.2 
81.6 
90.2 
111.7 
- 2.3 
23.8 
20.7 
28.2 
24.0 
19.0 
4.2 
2.8 
52.8 
56.6 
2 
6.8 
29.0 
43.0 
44.8 
44.3 
3-5 
ll'.l 
39.2 
*35e.l 
50.9 
1.20 
2.46 
2.38 
1.08 
2.44 
2.62 
2.72 
2.62 
2.66 
2.65 
2.75 
2.67 
2.38 
2.80 
2.44 
2.68 
2.67 
2.84 
2.75 
2.98 
2.81 
3.02 
2.96 
3.06 
2.65 
2.92 
2.71 
2.87 
2.88 
2.95 
1.70 
2.45 
1.52 
2.32 
2.64 
•132 
.257 
.210 
:!g 
.281 
.230 
.230 
:345 
.234 
.252 
.259 
.278 
.299 
.300 
.222 
.212 
.270 
,293 
.308 
.301 
.227 
.219 
.248 
.267 
.269 
.269 
.182 
.226 
.176 
.232 
.271 
— 2.77 
8.6 3.01 
30.1 2.81 .262 
.234 
.248 
.028 
:!§ 
.177 
.000 
.140 
.130 
.018 
.02j> 
!O65 
.066 
.010 
.048 
.071 
.086 
.079 
.008 
.021 
.(AO 
.042 
.042 
.044 
.006 
.050 
.089 
.014 
.028 
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Table 42. (Continued) 
Plot, 
no. meth. 
Stand* ïi«lde Ûyield® Lyrf 
*1 
34-1 
2 
1 
1 
35-1 
2 
I 
I 
I 
36-1 
2 
I 
I 
37-1 
2 
I 
I 
I 
38-1 
2 
3 
BPU 
BPU 
BPU 
BPU 
BPU 
BPU 
14.7 120 60 
120 120 
180 120 
9.5 0 0 
9.5 60 0 
10.7 60 60 
10.7 120 60 
11.1 120 120 
11.1 180 120 
11.5 
12.2 
0 
40 
80 
0 
0 
40 
80 
0 
9.8 0 
40 
80 
0 
0 
0 
0 
40 
40 40 
80 40 
0 80 
40 80 
80 80 
0 
0 
0 
40 
40 40 
80 40 
0 80 
40 80 
80 80 
0 
0 
0 
40 
40 40 
80 40 
0 80 
40 80 
80 80 
14.0 0 0 
40 0 
0 40 
110.9 
118.0 
124.0 
P 104.2 
101.8 
118.3 
113.2 
t 
4.1 
0.1 
75-3 
90.8 
90.2 
90.3 
91.2 
SS:I 
ÏSS 
m 
93.0 
91.0 
86.5 
96.1 
99.2 
58.6 
70.5 
67.7 
78.1 
62.6 
75.0 
76.2 
84.1 
96.3 
105.6 
as 
42.4 
- 7.2 
31.1 
28.7 
45.2 
40.1 
6.0 
1.2 
16.7 
16.1 
16.2 
17.1 
21.2 
24.1 
2:5 
10.9 
22.1 
20.1 
15.6 
25.2 
28.3 
11.9 
15.0 
. 0.6 
16.4 
17.6 
3.14 
3.20 
3.1% 
3.04 
3.08 
3.10 
3.22 
1:11 
3.03 
2.90 
3.12 
3.03 
3.13 
3.11 
3.00 
3.06 
3.11 
3.0? 3.06 
3.12 3.08 
3.00 
3.14 
2.83 
3.10 
3.22 
2.55 
3.02 
i:S1 
2.75 
3.02 
2.44 
2.82 
2.98 
— 2.42 
12.2 2.42 
21.5 2.38 
.264 .030 
.281 .047 
.272 .038 
.228 — 
.205 -.023 
.296 .068 
.278 .050 
.340 .112 
.346 .118 
.244 __ 
.226 -.018 
.246 .002 
.256 .012 
.264 .020 
.292 .048 
.264 .020 
.271 .027 
.287 .043 
.222 
.233 .011 
•222 .000 
.248 .026 
.238 .016 
.252 .030 
.246 .024 
.262 .040 
.260 s
 
00
 
.235 
.233 -.002 
.245 .010 
.225 — .010 
.232 -.003 
.262 .027 
.256 .021 
.260 .025 
.278 .043 
.198 __ 
.233 .035 
.227 .029 
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Table 42. (Continued) 
Plot. P _ Stand* Tmt.* Yield® A yield® Leaf content® 
no. * meth.6 » Pg05 fr 4%P 
38-4 BPU 14.0 0 80 103.0 18.9 2.20 .251 .053 
5 40 40 112.0 27.9 2.55 .254 .056 
6 40 80 110.3 26.2 2.39 .252 .054 
2 BDI 40 0 96.3 12.2 2.71 .205 .007 
3 0 40 98.0 13.9 2.14 .219 .021 
4 0 80 99.0 14.9 2.30 .260 .062 
5 40 40 108.4 24.3 2.45 .241 .043 
6 40 80 111.4 27.3 2.62 .263 .065 
39-1 BPU 12.7 0 0 91-3 2.82 .224 
.006 2 40 0 101.8 10.5 2.88 .230 
3 0 40 109.1 17.8 2.81 .262 .038 
4 0 80 111.5 20.2 2.90 .277 .053 
5 40 40 113.0 21.7 2.97 .257 .033 
6 40 80 112.7 21.4 2.92 .281 .057 
2 BDI 40 0 99.0 7.7 2.88 .228 .004 
3 0 40 106.1 14.8 2.83 .247 .023 
4 0 80 107.9 16.6 2.79 .241 .017 
5 40 40 109.3 18.0 2.87 .248 .024 
6 40 80 106.6 15.3 2.94 .253 .029 
40-1 BPU 11.2 0 0 78.0 2.20 .225 
2 40 0 86.4 8.4 2.41 .241 .016 
3 80 0 85.2 7.2 2.70 .255 .030 
4 0 40 81.9 3.9 2.31 .232 .007 
5 40 40 93.0 15.0 2.57 .241 .016 
6 80 40 96.6 18.6 2.68 .272 .047 
7 0 80 73.2 - 4.8 2.27 .242 .017 
8 40 80 88.7 10.7 2.71 .252 .027 
9 80 80 94.4 16.4 2.71 .271 .046 
2 BDI 40 0 86.9 8.9 2.74 .234 .009 
3 80 0 88.1 10.1 2.82 .253 .028 
4 0 40 76.5 - 1.5 2.14 .230 .005 
5 40 40 91.0 13.0 2.70 .238 .013 
6 80 40 94.1 16.1 2.79 .265 .040 
7 0 80 67.8 -10.2 2.31 .216 -.009 
8 40 80 89.6 11.6 2.58 .259 .034 
9 80 80 93.3 15.3 2.73 .273 .048 
42-1 BPU 12.8 0 0 86.6 2.59 .219 
2 40 0 86.3 - 0.3 2.70 .196 -.023 
3 0 40 102.7 16.1 2.44 .246 .027 
4 0 80 110.0 23.4 2.66 .277 .058 
5 40 40 114.0 27.4 2.92 .254 .035 
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Table 42. (Continued) 
: %6g 
Plot 
no*. 
'a r i 
* meth. 
Stand Yield Ayield M 
content 
W 
50-5 BPU 11*9 0 60 63.5 - 7.0 
6 60 60 87.5 17.0 
7 120 60 93.5 23.0 
8 180 60 98.0 27.5 
9 120 120 104.0 33.5 
10 180 120 101.5 31*0 
51-1 BPU 11.6 0 0 65.7 
2 60 0 81.9 16.2 
3 120 0 92.7 27.0 
4 180 0 91.0 25.3 
5 0 60 72.5 6.8 
6 60 60 89.7 24.0 
7 120 60 93.0 27.3 
8 180 60 100.3 34.6 
9 120 120 100.5 34.8 
10 180 120 101.5 35.8 
53-1 BPU 11.9 0 0 37.6 
2 180 0 65.5 27.9 
3 0 120 36.1 - 1.5 
4 180 120 82.9 45.3 
54-1 BPU 12.3 0 0 88.0 
2 60 0 89.1 1.1 
3 0 60 98.2 10.2 
4 60 60 101.6 13.6 
2 BDI 60 0 89.3 1.3 
3 0 60 96.6 8.6 
4 60 60 94.5 6.5 
55-1 BPU 12.3 0 0 66.8 
4.1 2 40 0 70.9 
3 80 0 68.6 1.8 
4 0 80 78.2 11.4 
5 40 80 87.6 20.8 
6 80 80 94.5 27.7 
2 BDI 40 0 69.2 2.4 
3 80 0 68.5 1.7 
4 0 80 74.0 7.2 
5 40 80 84.2 17.4 
6 80 80 93-7 26.9 
56-1 BPU 14.7 0 0 58.6 
2 40 0 74.6 16.0 
2.17 
2.50 
2.79 
2.78 
2.76 
2.90 
2.17 
2.64 
2.91 
2.74 
2.35 
2.70 
2.74 
2.67 
2.52 
2.61 
1.78 
2.61 
1.4? 
2.44 
2.62 
2.69 
2.74 
2.74 
\% 
2.76 
2.16 
2.20 
2.51 
2.08 
2.32 
2.54 
2.3O 
2.37 
1.99 
i$ 
1.68 
2.14 
.230 
.248 
.260 
.255 
.282 
.280 
.010 
.028 
.040 
.035 
.062 
.060 
.250 — 
.265 .015 
.272 .022 
.280 .030 
.302 .052 
.302 .052 
.310 .060 
.320 .070 
.338 .088 
.332 .082 
.264 ~ 
.241 -.023 
.295 .031 
.320 .056 
.229 — 
.226 -.003 
.270 .041 
.275 .046 
.222 -.007 
.250 .021 
.246 .017 
.20 5 
.212 
.221 
.26 
.27 
.303 
.205 
.204 -.001 
.227 .022 
.248 .043 
.282 .077 
.007 
.016 
.058 
.073 
.098 
.000 
.161 
.192 .031 
312 
Table 42. (Continued) 
Plot - r—:r" rj.w w, P _ Stand* 
no* 6 meth» 
Tmt T" Yield® Ayleld® 
i!L 
56-J 
1 
2 
i 
1 
57-1 
2 
5 
1 
2 
a 
i 
58-1 
2 
a 
i 
2 
1 
59-1 
2 
3 
2 
3 
60-1 
2 
3 
2 
3 
BPU 
BDI 
BPU 
BDI 
BPU 
BDI 
BPU 
BDI 
BPU 
BDI 
14.7 80 
0 
11.3 
11.3 
U.3 
12.4 
12.4 
12.4 
11.3 
11.3 
12.4 
12.4 
12.4 
11.2 
15.2 
12.5 
40 
80 
0 
0 
40 
80 
0 
40 
80 
0 
0 
40 
80 
0 
40 
80 
0 
80 
40 80 
80 80 
0 
0 
80 
40 80 
80 80 
0 
0 
0 
80 
40 80 
80 80 
0 
0 
80 
40 80 
80 80 
0 
0 
0 
80 
40 80 
80 80 
0 
0 
0 80 
40 80 
80 80 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
40 
80 
40 
80 
0 
40 
80 
40 
80 
U 
.6 
.1 
85.9 
95-2 
75.3 
78.2 
1:2 
86.3 
51-7 
54.2 
57.3 
99.6 
118.2 
111.1 
58.1 
51.3 
99.4 
111.8 
105.3 
69.6 
76.7 
73.9 
73.7 
97-1 
99.6 
78.1 
74.1 
73.6 
87.3 
96.7 
69.6 
91.5 
93.9 
90.1 
91.6 
59.5 
103.8 
116.0 
100.6 
112.4 
19.0 
9.5 
27.3 
36.6 
16.7 
19.6 
5.1 
19.8 
27.7 
1:1 
8:f 
1:6 
- o> 
47.7 
60.1 
53.6 
a 
27.5 
30.0 
u 
17.7 
27.1 
21.9 
24.3 
20.5 
22.0 
5 
44.3 
6.5 
1.1 
52.9 
2.40 
1.73 
2.08 
2.33 
2.26 
2.38 
1.67 
2.07 
2.26 
2.37 
2.43 
2.50 
2.45 
1:8 
2.50 
2.48 
2-53 
2.61 
2.55 
2.33 
2.37 
2.50 
2.10 
2.42 
1:8 
2.49 
2.17 
2.27 
2.52 
1:8 
2.45 
2.50 
2.44 
2.60 
2.78 
2.78 
2.70 
2.79 
196 
189 
207 .046 
233 .072 
205 .044 
203 .042 
173 .012 
205 .044 
228 .067 
140 — 
144 .064 
144 .004 
270 .130 
315 .175 
303 .163 
157 .017 
133 —007 
253 .113 
262 .122 
247 .107 
201 — 
186 -.015 
186 -.015 
230 .029 
250 .049 
260 .059 
200 -.001 
182 -.019 
222 .021 
237 .036 
238 .037 
210 — 
240 .030 
257 .047 
239 .029 
249 .039 
172 — 
292 .120 m :$ 
302 .130 
Table 42. (Continued) 
Plot. P e Stand* Tmt.* Yleldcdyieldc I-eaf content® 
no. ® meth. * P26? Ï» %P A*P 
61-1 
2 
3 
2 
3 
BPU 
BDI 
11.0 0 
0 
0 
0 
0 
0 
40 
80 
40 
80 
78.6 
m 
92.6 
96.6 
14.7 
19.9 
14.0 
18.0 
2*66 
2.70 
2.70 
m 
*200 
.243 
.264 
.234 
.250 
.043 
.064 
.034 
.050 
62-1 
2 
3 
BPU 16.3 0 
0 
0 
0 
30 
60 
m 
51.0 
27.2 
37.7 
2.13 
1.99 
1.96 
.142 
.173 
.189 
.031 
.047 
63-1 
2 
•$ 
BDI 11.1 
12.4 
11.1 
12.4 
0 
120 
0 
120 
0 
0 
120 
120 
8:2 
43.0 
95-3 
29*8 
-10.8 
41.5 
2.06 
2.73 
1.91 
2.64 
.260 
.284 
.232 
*321 
.024 
— .028 
.061 
64-1 
2 
5 
BPU 12.1 0 
120 
0 
120 
0 
0 
120 
120 
86.7 
89.6 
89.4 
86.8 
2.9 
2.7 
0.1 
2.91 
3-06 
2.74 
2.97 
.318 
.308 -.010 
.036 
*025 
65-1 
2 
J 
BDI 12.1 0 
120 
0 
120 
0 
0 
120 
120 
89.8 
89.8 
98.4 
102.5 
0.0 
8.6 
12.7 
3.06 
3.04 
2,97 
2.97 
.258 
.265 
.286 
*287 
.007 
.028 
.029 
66-1 
2 
e 
BPU 13.9 0 
120 
0 
120 
0 
0 
120 
120 
116.8 
ill:! 
132.6 
8%5 
12.0 
15*8 
2.63 
2.78 
2.58 
2.78 
.254 
.278 
.315 
.328 
.024 
.061 
.074 
67-1 
2 
BPU 12.4 0 
120 
0 
120 
0 
0 
120 
120 
80.5 
95.2 
89.0 
106.5 
14.7 
8.5 
26.0 
1:8 
2.48 
2.80 
.287 
.290 
:!§! 
.003 
.066 
.065 
68—1 
2 
e 
BPU 12.3 0 
120 
0 
120 
0 
0 
120 
120 
80.7 
94.0 
83.6 
93.2 
13l3 
llil 
2.68 
3.06 
2.68 
2.96 
•M 
.372 
.347 
-.011 
.035 
.010 
71-1 
2 
a 
BDI 14.0 0 
60 
120 
0 
0 
0 
0 
60 
88.6 
106.8 
101.9 
91.7 
18.2 
13.3 
3.1 
2.15 
2.21 
2.36 
2.05 
.265 
.260 
.265 
.282 
-.005 
.000 
.017 
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Table 42. (Continued) 
3g 
Plot, P . Stand1 
no. meth. 
Yield0 Avleld0 Leaf content0 
jra *P 
*1 
7 
72-1 
2 
5 
i 
2 
73-1 
2 
I 
1 
2 
77t1 
2 
1 
8 
9 
78-1 
2 
i 
? 
9 
EDI 
BPU 
BPU 
BPU 
BDI 
HL 
14.0 60 60 
120 60 
120 120 
13.7 0 0 
60 0 
120 0 
180 0 
0 60 
60 60 
120 60 
120 120 
180 120 
11.9 0 
60 
120 
180 
0 
0 
0 
0 
0 
60 
17.3 
9.0 
60 60 
120 60 
120 120 
180 120 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 80 
40 80 
80 80 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 80 
40 80 
80 80 
110.1 
113-3 
114.0 
24.2 
113 
m 
in 
56.7 
59.1 
63.0 
72.0 
88.5 
79.0 
62.0 
86.0 
85.0 
93-5 
90.5 
110.6 
116.0 
109.0 
110.4 
114.6 
SU 
117.5 
117.0 
42.0 
56.2 
63.6 
83.8 
g :l 
82.2 
21.5 2.30 
24.7 2.48 
25.4 2.46 
7.1 
1:1 
. 8.8 
21.7 
40.8 
32.5 
34.9 
25.5 
16.0 
- 1.0 
23.0 
22.0 
30.5 
27.5 
5.4 
1.6 
0.2 
4.0 
I 
14.2 
21.6 
11.4 
6.2 
1.8 
u:2 
.2 
e; 
1-
as 
1.62 
2.21 
2.45 
2.56 
1.24 
1.95 
2.39 
2.28 
2.34 
2.48 
2.63 
2.88 
2.84 
2.21 
2.66 
2.78 
2.76 
2.78 
3 
2 
3 
2 
2 
3 
2 
2 
3
.04 
.90 
.02 
.80 
.96 
.02 
1.71 
2.05 
2.17 
1.57 
2.22 
2.26 
1.66 
2.00 
2.22 
.290 .025 
.280 .015 
.310 .045 
.199 --
.165 -.034 
.178 -.021 
.186 -.013 
.202 .003 
.225 .026 
.255 .056 
.272 .073 
.290 .091 
.295 
.265 -.030 
.295 .000 
.285 -.010 
.260 -.035 
.285 -.010 
.290 -.005 
.318 .023 
.310 .015 
.286 —— 
.289 .003 
.290 .004 
.293 .007 
.317 .031 
.301 .015 
.303 .017 
.310 .024 
.316 .030 
•150 *-
.154 .004 
.158 .008 
.172 .022 
.233 .083 
.224 .074 
.177 .027 
.220 .070 
.240 .090 
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Table 42. (Continued) 
Plot. P _ Stand 
no. a meth. 
Tmt.» 
H P20ç 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 80 
40 80 
80 80 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
Yield® Ayleld® 
ir nt 
79-1 
2 
I 
I 
1 
9 
81-1 
2 
I 
82-1 
2 
a 
83-1 
2 
2 
84-1 
2 
a 
85-1 
2 
5 
86-1 
2 
5 
87-1 
2 
BDI 
HL 
BDI 
BDI 
BDI 
BPU 
BPU 
BPU 
BDI 
9.3 
12.0 
12.4 
18.8 
9.1 
12.1 
14.0 
12.8 
14.1 
10.8 
i 
1:1 
81.1 
86.1 
85.5 
71.0 
81.4 
86.3 
m 
72.2 
87.8 
79.8 
81.2 
96.8 
104.0 
117.0 
124.3 
114.0 
123.5 
60.5 
57.0 
76.0 
77.5 
70.8 
97.9 
69.0 
98.3 
116.9 
118.3 
117.3 
119.3 
.4 
0.1 
86.0 
94.9 
__ 2.14 *244 __ 
4.4 2.39 «261 .017 
10.7 2.43 .274 *030 
10.0 2.12 .263 .019 
15.0 2.47 .291 .047 
14.4 2.42 .291 .047 
— 0.1 2.52 .287 .043 
10.3 2.16 .252 .008 
15.2 2.57 .308 .064 
— —  2.87 .286 
10.3 3.04 .281 -.005 
- 3.3 2.76 .303 ,017 
12.3 3.00 .305 .019 
3.08 .228 
1.4 3.17 .234 .006 
17.0 3-11 .298 .070 
24.2 3.28 .301 .073 
2.87 .318 
7.3 2.94 .316 -.002 
-3.0 2.69 .320 .002 
6.5 2.93 .316 — .002 
3.14 .250 __ 
- 3.5 2.94 .248 -.002 
15.5 3.00 .264 .014 
17.0 2.86 .283 .033 
2.28 .262 
27.1 2.76 .298 .036 
- 1.8 2.46 .290 .028 
27.5 2.52 .269 .007 
1.4 
3.23 .336 __ 
3-27 •338 .002 
0.4 3.21 .356 .020 
2.4 3.26 •363 .027 
2.99 .256 
2.7 3.18 .246 -.010 
8.6 3.12 .278 .022 
17.5 3.26 .278 .022 
Table 42. (Continued) 
Plot, 
no. 
P e 
meth. 
Stand* 
«4-P2°5 
Yield® ûyield® Leaf 
88-1 BDI 12.4 0 0 89,0 __ 2,64 ,271 
,©42 2 60 0 100.7 11,7 2.93 ,313 
3 0 60 95,1 6,1 2.72 .301 ,030 
4 60 60 98.8 9.8 2.87 .306 .035 
89-1 BPU 13.3 0 0 80.8 2.12 .206 
2 14.2 60 0 107.2 26.4 2.82 ,249 .043 
3 13.3 0 60 88,5 7.7 2.15 .228 .022 
4 14.2 60 60 120.2 39,4 2,61 ,266 .060 
91-1 BPU 16.1 0 0 83-0 3.18 .231 
2 0 30 91.6 8,6 3.04 .261 .030 
3 0 60 94.7 11,7 3.00 .269 .038 
93-1 BPU 19.3 0 0 107.7 
4.1 
2.41 .219 __  
2 30 0 111.8 2,39 ,206 -.013 
3 0 30 108,6 o>? 2,22 ,209 -.010 
4 30 30 118.1 10.4 2.32 ,223 ,004 
94-1 BDI 14.2 0 0 98.2 ** 2.03 .299 
2 0 30 98.0 - 0.2 2,44 .319 .020 
98-1 BDI 13.8 0 0 98.1 3,01 .284 eee 
2 60 0 103.4 5>3 2.96 ,281 -.003 
3 0 60 106.6 8.5 3.06 .335 .051 
4 60 60 107.7 9.6 3.09 ,340 .056 
99-1 BDI 13.9 0 0 95.3 3.21 ,372 __  
2 60 0 96.5 1.2 3.06 .367 -.005 
3 0 60 98.8 3.5 3-27 .372 .000 
4 60 60 102.2 6.9 3.19 ,334 -.038 
101-1 BPU 10.6 0 0 89.8 3.20 .307 
.026 2 0 30 97.1 7.3 3.22 .333 
3 0 60 96.9 7.1 3.13 .346 .039 
1 BDI 0 0 91.1 — 3,20 •312 — 
2 0 30 90.8 - 0,3 3.22 .325 .Olj 
3 0 60 95.2 4,1 3.13 ,340 .028 
102-1 BPU 12.1 0 0 89.1 3.05 .366 
.018 2 0 30 92.3 3.2 3,01 .384 
3 0 60 96.5 7,4 2.99 .402 .036 
1 BDI 0 0 87.3 
4.6 
3.05 •376 
2 0 30 91.9 3.01 .3§9 .013 
3 0 60 93.3 6.0 2.99 .386 .010 
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Table 42. (Continued) 
Plot. P . Stand* 
no. " meth. 
Tmt.* 
& P20ç 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 80 
40 80 
80 80 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
Yield6 Ayleld® Leaf content® 
# JP AJP 
107-1 BPU 
2 
I 
I 
I 
i 
I 
I 
I 
I 
I 
18.2 
109-1 BDI 
2 
110-1 BDI 
2 
111-1 BDI 
2 
112-1 BDI 
2 
5 
I 
113-1 BDI 
2 
2 
I 
13.2 
12.8 
12.5 
13.2 
13.5 
50.0 
75.6 
83.2 
58.4 
4.8 
55^ 3 
72.6 
100.4 
I 
114.0 
110.3 
m 
119.0 
122.2 
91.2 
88.0 
91.0 
86.4 
91.8 
89.6 
93.1 
100.4 
100.6 
99.6 
103.8 
98.8 
102.8 
102.8 
110.1 
115.7 
111.0 
110.9 
I 
0.1 
1.6 
85.3 
87.7 
92.6 
97.0 
25.6 
31:S 
24.8 
3 5^ 3 
22.4 
50.4 
I 
3.2 
0.2 
4.8 
0.6 
1.6 
a 
10.7 
5.7 
0.0 
7.3 
12.9 
8.2 
8.1 
11.5 
15.2 
17.6 
22.5 
26.9 
1.74 
2.34 
2.40 
1.74 
2.12 
2.45 
1.74 
2.07 
2.48 
2.66 
2.75 
2.83 
2.60 
2.74 
2.80 
3.14 
3.10 
3.16 
m 
3.19 
2.60 
2.70 
2.68 
2.62 
2.71 
2.74 
2.96 
3.09 
2.98 
2.96 
2.84 
2.94 
2.68 
2.73 
2.81 
2.68 
2.78 
2.82 
.215 
.232 
.252 
.265 
.240 
.270 
.312 
.254 
.260 
.268 
.258 
.267 
.274 
.038 
.031 
.017 
.037 
.050 
.025 
.055 
.097 
.006 
.014 
.004 
.013 
.020 
.308 — 
.301 -.007 
.314 .006 
.315 .007 
.314 .006 
.319 .011 
.249 
.272 
.262 
.278 
.290 
.289 
.023 
.013 
.029 
.041 
.040 
.268 — 
.240 -.028 
.266 -.002 
.271 .003 
.270 .002 
.277 .009 
.311 — 
.324 .013 
.314 .003 
.326 .015 
.320 .009 
.319 .008 
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Table 42. (Continued) 
Plot. P . Stand® Tmt.*Yield® Ùyield® Leaf content® 
no. d meth. # fgOg # ft A%P 
114-1 BDI 12.0 0 0 100.8 2.62 .281 
2 40 0 108.4 7.6 2.68 .287 .006 
3 80 0 98.8 — 2.0 2.78 .274 -.007 
4 0 4o 102.2 1.4 2.69 .291 .010 
5 40 40 109.4 8.6 2.75 .300 .019 
6 80 40 106.2 5.4 2.64 .294 .013 
116-1 BDI 13.4 0 0 60.2 2.76 .253 
2 0 30 66.4 6.2 2.68 .265 .012 
3 0 60 66.7 6.5 2.72 .276 .023 
119-1 BDI 10.2 0 0 79.0 2.86 .268 
2 150 0 77.6 - 1.4 2.72 .262 -.006 
3 0 90 81.6 2.6 2.86 .284 .016 
4 150 90 90.3 11.3 2.84 .292 .024 
5 0 0 76.3 2.84 .245 
6 0 60 83.0 6.7 2.68 .278 .033 
7 0 120 87.3 11.0 2.78 .296 .051 
120-1 BDI 13.5 0 0 98.4 2.48 
U
N
 O
 
C M 
2 150 0 91.4 - 7.0 2.63 .206 .001 
3 0 90 76.9 -21.5 2.18 .210 .005 
4 150 90 123.9 25.5 2.65 .250 .045 
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Table 43» Method of P application, row fertilizer applica­
tion, stand level, fertilizer treatment, yield 
and N and P leaf contents of the individual treat­
ments of the experiments not used in the multiple 
regression analyses 
Plot, 
no. meth.® 
Row 
fert. 
Stand® Tmt.* Yield® Leaf content® 
N P20? # *P 
6-1 BPU R 10.2 0 0 72.9 1.98 .200 
2 60 0 90.9 2.48 .236 
3 0 60 68.4 1.90 *20o 
4 
14.1 
60 60 91.7 2.54 .262 
1 0 0 61.6 1.61 .170 
2 60 0 93-0 2.28 .212 
3 0 60 58.4 1.57 .172 
4 60 60 88.1 2.29 .234 
7-1 BPU R 9.7 0 0 52.6 2.74 .258 
2 60 0 61.0 2.86 .260 
3 0 60 54.0 2.52 .275 
4 60 60 64.8 2.79 .295 
10-1 BPU R 12.8 0 0 52.5 2.18 .169 
2 40 0 57.4 2.44 .171 
3 0 40 55.8 2.10 .192 
4 40 40 68.4 2.44 .206 
t^ean stand level of all treatments in thousands of stalks 
per acre if listed once per experiment; if fertilizer had a 
significant effect on stand levels, stands are listed for each 
treatment. 
F^irst figure refers to pounds of N per acre; second 
figure is the pounds of PgCy per acre. 
®Yields in bushels per acre and N and P percentages for 
each experiment are at the K level or levels given in Table 41. 
*First figure refers to experiment number and is listed 
once; second figure refers to treatment number. 
Method of P application: BPU = broadcast and plowed 
under, BDI = broadcast and disked in, HL = hard-ground listed, 
LL = loose-ground listed, SD = side-dressed. Method(s) listed 
once per experiment. 
B^roadcast treatments without (0) or with (R) hill or 
row fertilizer. 
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Table 43 • (Contini 
Plot, P Row 
no. a meth. fert 
6 BPU R 
2 
9 
f 
23-1 BPU 
2 
â 
1 
g 
9 
24-1 BPU 
2 
a 
i 
g . 
9 
25-1 BPU 
2 
I 
1 
9 
31-1 BDI 
2 
1 
5 
32-1 BPU 
2 
3 
Stand a Tmt. Yield® Leaf content® 
N P26? W %P 
13.0 80 40 66.7 2.70 .297 
0 80 55.4 2.12 .282 
40 80 65-9 2.51 •315 
80 80 63.0 2.62 .317 
11.4 0 0 66.0 2.64 .262 
40 0 75.4 2.80 .268 
80 0 71.2 2.90 .270 
0 40 71.2 2.76 .282 
40 40 77-0 2.8I .285 
80 40 73-8 2.82 .298 
0 80 65.8 2.3I .278 
40 80 76.9 2.62 .315 
80 80 74.6 2.79 .295 
13.6 0 0 81.4 2.56 .275 
40 0 88.8 2.88 .293 
80 0 89.5 2.89 .292 
0 40 84.3 2.63 .285 
40 40 91.2 2.87 .288 
80 40 91.0 2.79 .305 
0 80 80.3 2.53 .290 
40 80 90.3 2.72 .298 
80 80 93-9 2.86 .312 
10.3 0 0 15.0 2.11 .120 
40 0 13.5 2.38 .117 
80 0 15.9 2.35 .130 
0 40 24.6 1.67 .157 
40 40 39.2 2.33 .178 
80 40 44.9 2.61 .200 
0 80 26.8 1.57 .178 
40 80 41.7 2.05 .200 
80 80 57.9 2.64 .248 
12.9 0 0 70.2 1.78 .192 
60 0 99.2 2.41 .234 
0 60 58.7 1.55 .172 
60 60 96.0 2.22 .230 
120 120 117.7 2.54 .292 
14.5 0 0 110.7 2.95 .288 
60 0 110.8 3.06 .283 
60 60 123.5 3.04 .339 
Table 43. (Continued) 
Plot, 
no. " 
P e 
meth. 
Row 
fert 
,Stand8 Tmt.b Yield® Leaf content® 
N P2Ô? %P 
32-4 BPU R 14.5 120 60 125-5 3.10 .313 
5 120 120 122.4 2.99 •336 
6 180 120 121.8 3.13 .317 
35-1 BPU R 11.5 0 0 87.0 2.83 .250 
2 40 0 90.9 2.96 .240 
3 80 0 88.5 3.07 .258 
4 0 40 95.2 2.82 .269 
5 40 40 93.3 2.88 .270 
6 80 40 92.2 2.88 .286 
7 0 80 92.0 2.80 .277 
8 40 80 98.4 2.92 .294 
9 80 80 100.2 3.06 .290 
36-1 BPU R 12.2 0 0 75-6 3.00 .216 
2 40 0 80.6 3.20 .234 
3 80 0 86.9 3.20 .243 
4 0 40 93.1 3.06 .242 
5 40 40 96.6 3.15 .252 
6 80 40 100.0 3.08 .249 
7 0 80 87.5 2.75 .234 
8 40 80 99.3 3.12 .265 
9 80 80 107.0 3.16 .254 
37-1 BPU R vO
 
œ
 
O
 
0 65.8 2.46 .226 
2 40 0 72.5 2.86 .239 
3 80 0 77.3 2.92 .246 
4 0 40 65.8 2.26 .222 
5 40 40 69.2 2.66 .241 
6 80 40 73.4 2.98 .275 
7 0 80 62.7 2.36 .246 
8 40 80 70.3 2.74 .254 
9 80 80 71.3 2.95 .283 
4l-l BPU 0 12.1 0 0 105.9 2.34 .250 
2 40 0 106.1 2.38 .248 
3 80 0 108.9 2.52 .252 
4 0 40 109.6 2.25 .270 
5 40 40 103.8 2.43 .265 
6 80 40 112.4 2.51 .275 
7 0 80 98.8 2.27 .281 
8 40 80 106.8 2.47 .303 
9 80 80 112.9 2.63 .302 
2 BDI 40 0 108.8 2.49 .254 
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Table 43. (Continued) 
Plot P_ Row „ Stand* Tmt7° Yield® 
no. d meth. fert. H PgO^  
41-3 BDI 0 12.1 80 0 109.5 
4 0 40 102.2 
5 40 40 114.3 
6 80 40 109.1 
7 0 80 102.2 
8 40 80 103.6 
9 80 80 107.4 
44-1 BPU R 13.0 0 0 124.6 
2 0 40 138.4 
3 0 80 135,9 
1 BDI 0 0 127.0 
2 0 40 133.2 
3 0 80 129.8 
48-1 BPU R 14.1 0 0 70.9 
2 60 0 100.0 
3 120 0 99.9 
4 180 0 104.5 
5 0 120 71.7 
6 60 120 96.8 
7 120 120 103.5 
8 180 120 114.5 
52-1 BPU 0 14.2 0 0 54.0 
2 60 0 63.O 
3 120 0 58.0 
4 180 0 61.5 
5 0 60 42.0 
6 60 60 67.5 
7 120 60 66.0 
8 180 60 67-5 
9 120 120 82.0 
10 180 120 84.0 
63-1 BDI R 11.1 0 0 61.9 
2 12.4 120 0 87-9 
3 11.1 0 120 54.7 
4 12.4 120 120 100.6 
64-1 BPU R 12.1 0 0 87.2 
2 120 0 92.5 
3 0 120 85.4 
4 120 120 91.4 
Leaf content® 
%P 
2.55 .250 
2.25 .250 
2.43 .250 
2.53 .266 
2.43 .261 
2.42 .267 
2.54 .277 
3.12 .271 
3.12 .313 
3.09 .326 
3.12 .269 
3.12 .293 
3.09 .332 
2.27 .208 
2.87 .238 
2.92 .242 
2.86 .245 
2.12 .208 
2.74 .241 
2.74 .259 
3.00 .278 
2.44 .238 
2.80 .250 
2.74 •235 
2.72 .238 
2.36 .248 
2.60 .285 
2.62 .292 
2.80 .290 
2.82 .290 
2.78 .308 
2.02 .263 
2.84 .285 
2.32 .247 
2.74 •319 
2.74 •313 
2.84 • 317 
2.54 .340 
2.86 •353 
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Table 43. (Continued) 
Plot, 
no. d me th.* 
Row f 
fert. 
Stand la Tmt. Yield® Leaf content® 
N p2°5 *P 
65-1 BDI R 12.8 0 0 97.8 3.05 .258 
2 120 0 98.0 3.02 .262 
3 0 120 111.2 3.03 .291 
4 120 120 110.0 3.01 .289 
66-1 BPU R 13.9 0 0 130.0 2.73 .275 
2 120 0 127.6 2.78 .284 
3 0 120 124.3 2.61 .308 
4 120 120 137.6 2.74 .312 
67-1 BPU R 12.5 0 0 89.5 2.54 .295 
2 12.7 120 0 102.5 2.92 .304 
3 13.4 0 120 96.5 2.57 •342 
4 12.8 120 120 109.0 2.93 .348 
68-1 BPU R 12.3 0 0 85.2 2.60 .345 
2 120 0 96.0 3.02 .325 
3 0 120 86.5 2.61 .376 
4 120 120 97.2 3.03 .362 
69-1 BDI R 12.1 0 0 109.5 2.81 .354 
2 120 0 114.3 2.89 .342 
3 0 120 109.0 2.81 .395 
4 120 120 117.2 2.88 .379 
70-1 BDI R 13.4 0 0 87.0 1.84 .193 
2 60 0 99.0 2.18 .200 
3 120 0 100.9 2.32 .232 
4 180 0 99.1 2.34 .225 
5 0 60 89.8 1.92 .255 
6 60 60 98.8 2.20 .260 
7 120 60 109.5 2.32 .260 
8 120 120 103.9 2.11 .310 
9 180 120 98.0 2.44 .320 
74-1 BPU 0 13.2 0 0 74.3 1.86 .190 
2 60 0 90.5 2.04 .216 
3 120 0 94.7 2.14 .204 
4 180 0 88.3 2.20 .186 
5 0 60 75.7 1.66 .161 
6 60 60 89.0 2.08 .208 
7 120 60 88.9 2.28 .225 
8 120 120 94.8 2.22 .225 
9 180 120 95-3 2.34 .232 
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Table 43. (Continued) 
Plot 
no. & meth.6 
Row f 
fert. 
Stand4 Tint.* Yield® Leaf content® 
N p2o? *N *P 
75-* BPU 0 11.9 0 0 68.5 2.44 .265 
2 60 0 93-8 2.57 .280 
3 120 0 77.9 2.58 .285 
4 180 0 73-7 2.73 .270 
5 0 60 67.0 2.04 .255 
6 60 60 83.2 2.50 .302 
7 120 60 82.6 2.64 .308 
8 180 60 82.8 2.68 .300 
9 120 120 81.6 2.40 .300 
10 180 120 82.6 2.58 .325 
76-1 BPU 0 19.3 0 0 26.1 1.53 .247 
2 40 0 41.4 1.87 .239 
3 • 80 0 51.5 2.32 .263 
4 160 0 59.5 2.76 .282 
5 0 40 23.3 1.59 .254 
6 40 40 40.1 1.91 .255 
7 80 40 49.3 2.31 .282 
8 160 40 56.0 2.65 .309 
9 0 80 24.8 1.71 .275 
10 40 80 44.0 1.99 .285 
11 80 80 55.4 2.37 .293 
12 160 80 55.2 2.77 .304 
80-1 BPU,LL 0 10.3 0 0 42.8 1.27 .193 
2 40 0 81.7 1.86 .253 
3 80 0 99.7 2.22 .282 
4 0 40 33-3 1.25 .175 
5 40 40 71.4 1.59 .206 
6 80 40 107.1 2.32 .288 
7 0 80 37.6 1.30 .241 
8 40 80 60.6 1.71 .222 
9 80 80 102.2 2.34 .300 
81-1 BDI R 12.4 0 0 86.8 2.86 .293 
2 60 0 92.0 3.O6 .290 
3 0 60 86.8 2.75 .293 
4 60 60 92.8 2.98 .297 
82-1 BDI R 12.9 0 0 90.0 3.16 .243 
2 60 0 93-5 3.23 .252 
3 0 60 109.0 3.14 .300 
60 60 111.8 3.32 •314 
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Table 43. (Continued) 
Plot 
no. ® meth.® 
Row 
fert 
f Stanc la Tmt.b Yield® Leaf content® 
N 2 ? jUI 
83-1 BDI R 18.8 0 0 140.0 2.80 .326 
2 60 0 142.0 2.94 .322 
3 0 60 124.0 2.69 •308 
4 60 60 137.2 2.96 .325 
84-1 BPU R 10.6 0 0 86.0 3.02 .258 
2 60 0 94.5 2.96 .251 
3 0 60 89.0 3.05 .288 
4 60 60 91.5 2.96 .281 
85-1 BPU R 12.8 0 0 72.7 2.22 .291 
2 14.0 60 0 100.6 2.74 .293 
3 12.8 0 60 69.0 2.16 .269 
4 14.0 60 60 101.2 2.60 .296 
86-1 BPU R 14.1 0 0 119.2 3-19 .340 
2 60 0 118.7 3.28 .330 
3 0 60 125.7 3.21 .360 
4 60 60 126.4 3.25 .368 
87-1 BDI R 11.6 0 0 94.4 2.93 .256 
2 60 0 100.1 3.16 .286 
3 0 60 106.5 3.06 .281 
4 60 60 111.4 3.10 .281 
88-1 BDI R 12.4 0 0 96.4 2.75 .281 
2 60 0 108.6 2.93 .296 
3 0 60 101.0 2.73 .297 
4 60 60 108.7 2.83 .304 
89-1 BPU R 13.3 0 0 96.2 2.18 .226 
2 14.2 60 0 116.5 2.89 .252 
3 13.3 0 60 88.2 2.25 .220 
4 14.2 60 60 117.5 2.92 .274 
90-1 SD 0 14.6 0 0 33.6 1.65 .199 
2 60 0 64.7 2.18 .189 
3 0 60 33-9 1.55 .196 
4 60 60 69.0 2.17 .201 
5 0 0 47.6 1.80 .199 
6 60 0 81.0 2.35 .219 
7 0 60 51.1 1.82 .206 
8 60 60 86.8 2.32 .222 
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Table 43*. (Continued) 
_ Yield® Leaf content0 
no.® Meth. fert. H P^ Og p HÉP 
Plot 
r\r\ _ fl 
92-1 BPU R 11.8 0 0 69.8 2.62 .238 
2 120 0 75-5 2.81 .257 
2 
95-1 BDI 0 8.2 0 0 56.1 2.76 .302 
2 40 0 71.2 2.76 .314 
3 80 0 75.2 2.74 .293 
4 0 40 61.8 2.76 .312 
5 40 4o 76.1 2.76 .285 
6 80 40 78.7 2.74 .302 
65.8 2.76 .312 
72.7 2.76 .313 
9 80 80 81.3 2.74 .314 
I 
I 
P Row . Stand® Tmt. 
N p2o?
0 60 
120 60 
0
0 80 
40 80 
BDI-HL 0 10.0 0 0 
30 0 
60 0 
120 0 
0 30 
30 30 
60 30 
120 30 
0 60 
30 60 
60 60 
120 60 
13.5 0 0 
30 0 
60 0 
120 0 
0 30 
30 30 
60 30 
120 30 
0 60 
30 60 
60 60 
120 60 
BDI-LL 0 9.9 0 0 
30 0 
60 0 
120 0 
70.5 2.56 .230 
73.5 2.80 .260 
43.3 1.91 .181 
46.4 2.22 .174 
44.0 2.24 .158 
39.8 2.38 .163 
5 40.8 1.92 .190 
6 45.8 2.20 .184 
7 47.4 2.20 
8 52.6 2.38 
9 41.8 1.96 .213 
10 45.8 2.02 .210 
11 51.4 2.21 .202 
12 53.9 2.43 .208 
1 24.2 1.75 .156 
2 35.0 2.13 .152 
37.5 2.12 .170 
25.8 2.24 .154 
5 28.9 1.77 .176 
6 37.4 1.90 .170 
7 46.8 2.10 .176 
8 39.4 2.39 .154 
9 32.7 1.81 .196 
10 30.4 1.86 .172 
11 49.O 2.17 .187 
12 53.6 2.18 .193 
97-1 69.0 2.36 .316 
2 69.7 2.40 .293 
3 63.5 2.43 .299 
4 62.4 2.40 .293 
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Table 43. (Continued) 
Plot. P _ Row , Stand" Tmt." Yield® Leaf content® 
no. d meth.6 fert/ N PgOg W $P 
97-5 BDI-LL 0 9.9 0 30 6l.l 2.32 .294 
6 30 30 70.1 2.42 .298 
7 60 30 60.4 2.45 .299 
8 120 30 71.3 2.50 .309 
9 0 60 70.6 2.44 .284 
10 30 60 63.5 2.39 .296 
11 60 60 63.2 2.43 .294 
12 120 60 67.3 2.48 .308 
1 14.3 0 0 69.4 2.29 .305 
2 30 0 75.0 2.37 .281 
74.2 2.38 .305 
2.35 .293 
5 0 30 68.4 2.30 .293 
6 30 30 62.4 2.29 .294 
7 60 30 71.0 2.36 .297 
8 120 30 72.0 2.42 .302 
9 0 60 69.0 2.26 .276 
10 30 60 65.6 2.39 .293 
11 60 60 60.4 2.28 .281 
12 120 60 69.3 2.44 .293 
I 
S 
I 
a  
20?
60 0 
120 0 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
0 0 
60 0 
0 60 
60 60 
0 0 
40 0 
80 0 
0 40 
40 40 
80 40 
0 80 
40 80 
80 80 
67.8 
98-1 BDI R 13.8 105.0 2.80 .271 
2 114.4 3.04 .303 
108.8 2.80 .322 
111.9 3.03 .330 
99-1 BDI R 13.9 107.0 3.24 .351 
2 108.7 3.24 .352 
109.0 3.25 .371 
112.1 3.15 .373 
100-1 BDI R 11.7 79.1 2.77 .272 
2 91.8 2.97 .268 
82.5 2.7? .297 
95.6 3.04 .317 
103-1 BPU R 10.6 73.5 3.00 .309 
2 74.1 3.10 .321 
80.9 3.09 .311 
78.7 2.96 .320 
5 77.4 2.97 .338 
6 78.2 3.05 .333 
7 80.4 3.07 .352 
8 78.9 3.00 .352 
9 76.3 3.07 .353 
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Table 43. (Continued) 
Plot. P . Row . Stand* Tmt. Yield® Leaf content® 
no. a meth. fert. N PgO^  %P 
104-1 BDI 0 13.1 o 0 79.3 2.44 .229 
2 40 0 73.0 2.52 .192 
3 80 0 88.3 2.62 .256 
4 0 40 87.3 2.40 .254 
5 40 40 97.8 2.68 .253 
6 80 40 92.6 2.60 .248 
0 80 84.6 2.44 .214 
40 80 104.6 2.67 .312 
80 80 90.7 2.50 .288 
I 
105-1 BDI 0 10.8 0 0 72.6 2.25 .178 
2 60 0 78.0 2.22 .194 
3 0 30 88.7 2.30 .206 
4 60 30 84.6 2.10 .202 
5 0 60 73.4 2.33 .183 
6 60 60 82.6 2.27 .205 
7 0 90 84.3 2.28 .217 
8 60 90 80.6 2.21 .225 
106-1 BPU 0 16.4 0 0 92.0 2.54 .250 
2 40 0 84.6 2.55 .240 
80 0 87.6 2.60 .252 
I 0 40 88.0 2.37 .238 
5 40 40 94.0 2.60 .250 
6 80 40 88.1 2.72 .274 
7 0 80 84.4 2.44 .257 
8 40 80 95.4 2.70 .283 
9 80 80 92.4 2.62 .269 
1 R 15.6 0 0 94.6 2.52 .238 
2 40 0 88.6 2.50 .240 
80 0 92.4 2.56 .245 
I 0 40 88.5 2.38 .250 
5 40 40 92.2 2.54 ,265 
6 80 40 86.1 2.59 .268 
7 0 80 86.6 2.50 .268 
8 40 80 95.9 2.58 .278 
9 80 80 94.1 2.67 .288 
107-1 BPU R 16.9 0 0 58.0 1.92 .252 
2 40 0 83.6 2.27 .255 
3 80 0 85.0 2.41 .248 
4 0 40 61.2 1.68 .237 
5 40 40 81.4 2.10 .252 
6 80 40 85.8 2.46 .290 
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Table 43. (Continued) 
Plot 
no. & meth.6 
Row f 
fert. 
Stand1 1 Tut.* Yield® Leaf content® 
N P2Ô? JW *P 
107-7 BPU R 16.9 0 80 64.6 1.84 .250 
8 40 80 76.4 2.10 .283 
9 80 80 97-8 2.42 .298 
108-1 BPU 0 12.3 0 0 23.4 1.58 .162 
2 40 0 40.0 2.16 .198 
3 80 0 50.8 2.35 .212 
4 0 40 23.1 1.36 .184 
5 40 40 36.8 2.10 .214 
6 80 40 45.0 2.28 .228 
7 0 80 14.2 1.23 .166 
8 40 80 34.2 2.00 .240 
9 80 80 48.2 2.38 .272 
1 R 0 0 30.1 1.43 .157 
2 40 0 44.4 2.12 .201 
3 80 0 55.6 2.12 .206 
4 0 80 29.8 1.51 .198 
5 40 40 40.3 2.08 .229 
6 80 40 45.0 2.28 .240 
7 0 80 15-7 1.16 .142 
8 40 80 36.4 2.05 .244 
9 80 80 45.6 2.30 .280 
109-1 BDI R 13-2 0 0 120.0 2.73 .268 
2 40 0 120.4 2.80 .270 
3 80 0 121.4 2.90 .273 
4 0 40 111.9 2.66 .262 
5 40 40 124.9 2.80 .276 
6 80 40 125.2 2.82 .278 
110-1 BDI R 12.8 0 0 95.2 3.14 .312 
2 40 0 92.9 3.10 .302 
3 80 0 95-8 3.12 .304 
4 0 40 91.1 3.02 .311 
5 40 40 94.4 3.04 .319 
6 80 40 94.8 3.15 .307 
111-1 BDI R 12.5 0 0 106.1 2.59 .275 
2 40 0 110.6 2.64 .284 
3 80 0 107.0 2.76 .278 
4 0 40 110.4 2.56 .280 
5 40 40 107.0 2.61 .288 
6 80 40 107.5 2.56 .274 
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Table 43. (Continued) 
Plot, 
no. 
P e 
meth. 
Row f 
fert. 
Stand B Tmt.6 Yield® Leaf content® 
N P20? jM PP 
112-1 BDI R 13.2 0 0 114.9 2.78 .256 
2 40 0 113*9 2.84 .247 
3 80 0 119.1 2.81 .263 
4 0 40 119.5 2.76 .260 
5 40 40 118.0 2.85 .26 7 
6 80 40 124.8 2.96 .269 
113-1 BDI R 13.5 0 0 83.2 2.75 .318 
2 40 0 90.8 2.76 .319 
3 80 0 99.7 2.81 .320 
4 0 40 94.8 2.72 .339 
5 40 40 98.7 2.66 .324 
6 80 40 105.6 2.75 .324 
114-1 BDI R 12.0 0 0 106.4 2.62 .292 
2 40 0 105.9 2.85 .298 
3 80 0 107.6 2.82 .297 
4 0 40 106.5 2.71 .310 
5 40 40 100.6 2.77 .286 
6 80 40 115.8 2.88 .307 
115-1 BDI R 13.0 0 0 94.1 2.60 .233 
2 0 30 97.7 2.65 .256 
3 0 60 102.1 2.50 .271 
117-1 BDI 0 14.1 0 0 49.2 2.40 .241 
2 40 0 53-2 2.51 .226 
3 80 0 52.1 2.54 .230 
4 0 40 50.4 2.40 .227 
5 40 40 56.3 2.58 .245 
6 80 40 53 «5 2.62 .244 
7 0 80 53-9 2.47 .241 
8 40 80 52.2 2.53 .250 
9 80 80 51.1 2.60 .259 
118-1 BPU 0 10.7 0 0 44.5 2.23 .165 
2 40 0 50.9 2.34 .171 
3 80 0 37-5 2.42 .185 
4 0 40 52.5 2.16 .187 
5 40 40 50.4 2.38 .212 
6 80 40 50.0 2.43 .209 
7 0 80 43.0 2.15 .202 
8 40 80 39.9 2.32 .224 
9 80 80 76.9 2.43 .220 
Table 43. (Continued) 
Plot, 
no. d meth.6 
Row . 
fert. 
Stand* Tmt.* Yield® Leaf content® 
N P20ç jW *P 
118-2 BDI 0 10.7 40 0 46.9 2.31 .168 
3 80 0 44.5 2.58 .173 
4 0 40 42.4 2.13 .183 
5 40 40 46.9 2.26 .176 
6 80 40 58.4 2.29 .198 
7 0 80 46.7 2.05 .198 
8 40 80 39-9 2.30 .205 
9 80 80 76.0 2.30 .208 
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Figure 34. Regressions of the corn yield at the NQPq, NrPQ, 
NQPr and NpPr treatments on the stand level (all 
N and/or P rates) 
